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ABSTRACT
We investigate the presence of extended ionized outflows in 18 luminous type 2
AGNs (11 quasars and 7 high luminosity Seyfert 2s) at 0.3<z<0.6 based on VLT-
FORS2 spectroscopy. We infer typical lower limits on the radial sizes of the outflows
Ro &several×100 pc and upper limits Ro .1-2 kpc. Our results are inconsistent with
related studies which suggest that large scale (Ro ∼several-15 kpc) are ubiquitous in
QSO2. We study the possible causes of discrepancy and propose that seeing smearing
is the cause of the large inferred sizes. The implications in our understanding of the
feedback phenomenon are important since the mass Mo (through the density), mass
injection M˙o and energy injection E˙o rates of the outflows become highly uncertain.
One conclusion seems unavoidable: Mo, M˙o and E˙o are modest or low compared with
previous estimations. We obtain typically Mo .(0.4-22)×10
6 M⊙ (median 1.1×10
6
M⊙) assuming n =1000 cm
−3. These are ∼102-104 times lower than values reported
in the literature. Even under the most favorable assumptions, we obtain M˙o .10 M⊙
yr−1 in general, 100-1000 times lower than claimed in related studies. Although the
uncertainties are large, it is probable that these are lower than typical star forming
rates. In conclusion, no evidence is found supporting that typical outflows can affect
the interstellar medium of the host galaxies accross spatial scales &1-2 kpc.
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1 INTRODUCTION
Evidence for an intimate connection between supermassive
black hole (SMBH) growth and the evolution of galaxies is
nowadays compelling. Not only have SMBHs been found in
many galaxies with a bulge component, but correlations also
exist between the black hole mass and some bulge proper-
ties, such as the stellar mass and velocity dispersion (e.g.
Ferrarese & Merritt 2000). The origin of this relation is still
⋆ Based on observations carried out at the European Southern
Observatory (Paranal, Chile) with FORS2 on VLT-UT1 (pro-
grammes 083.B-0381 and 087.B-0034)
an open question, but outflows induced by the nuclear ac-
tivity in galaxies might play a critical role. Hydrodynam-
ical simulations show that the energy output from active
galactic nuclei (AGN) can regulate the growth and activ-
ity of black holes and their host galaxies (e.g. di Matteo
et al. 2005). Such models show that the energy released by
the outflows associated with major phases of accretion expel
enough gas to quench both star formation and further black
hole growth. Observational evidence for the presence of AGN
induced outflows in luminous active galaxies is accumulat-
ing (see Fabian 2012 for a review), although the impact on
their host galaxies is far from clear. It may depend on the
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luminosity of the AGN and be more efficient at the highest
luminosities (Page et al. 2012, Zakamska et al. 2014).
According to the AGN feedback paradigm, the most
powerful outflows with potentially the most extreme im-
pact on the environment are expected in quasars (QSO). In
spite of the overwhelming evidence for the existence of out-
flows in QSO, the effects they have on the evolution of the
host galaxy (e.g. via star formation quenching) are far from
clear. The difficulty comes from the great complexity of the
feedback phenomenon, which is the interplay between differ-
ent mechanisms, involving different gaseous phases (coronal,
ionized, neutral, molecular), which are distributed across
different spatial scales and require different observing tech-
niques. If we want to quantify the galaxy-scale impact of
QSO winds, we must be able to understand what triggers
them and how they affect the different gas phases.
Studies of powerful radio galaxies at different z show
that the radio structures can induce outflows (Tadhunter
et al. 1994, Solo´rzano In˜arrea et al. 2002, Villar Mart´ın et
al. 2003, Humphrey et al. 2006) that may have enormous
energies sufficient to eject a large fraction of the gaseous
content out of the galaxy (Morganti et al. 2005, Nesvadba
et al. 2006, 2008). However, only ∼10% of active galax-
ies are radio-loud. How AGN feedback works in radio-quiet
counterparts (i.e., radio-quiet quasars) is still an open ques-
tion. Several mechanisms could be at work, including stel-
lar winds, outflows from weak radio jets and accretion disc
winds. Type 2 QSO (QSO2) are unique objects for inves-
tigating the way feedback works in the most powerful non
radio-loud (i.e. radio-quiet or radio-intermediate) AGN. The
active nucleus is occulted by obscuring material, which acts
like a convenient natural coronograph, allowing a detailed
study of many properties of the surrounding medium. Such
studies would be difficult in type 1 QSO (QSO1) due to the
dominant contribution of the quasar point spread function.
In order to asses the role the outflows play on the host
galaxy evolution, it is of special relevance to study their im-
pact on the molecular phase, since this is the raw material
from which stars form. Different works suggest that molecu-
lar outflows exist in AGN, apparently capable of transport-
ing huge amounts of mass (&108 M⊙) at enormous rates
of tens, even hundreds M⊙ yr
−1 (Cicone et al. 2014). In
general, the radial sizes are Ro .1 kpc, although claims of
giant molecular outflows (Ro ∼30 kpc) also exist (Cicone
et al. 2015). Some of the reported outflows can in princi-
ple exhaust a large fraction of the cold molecular reservoir
of the host galaxies and quench the star formation activity
(see also Alatalo et al. 2015).
On the other hand, the most efficient way to identify the
imprint of outflows in large samples of objects at any red-
shift, and trace them on galactic scales is to search for them
in the warm ionized phase using strong optical emission
lines, such as [OIII]λλ4959,5007. Indeed, during the last few
years it has become clear that ionized outflows are a ubiqui-
tous phenomenon in QSO2 at z 6 0.7 (e.g. Villar Mart´ın et
al. 2011b, 2014; Greene et al. 2011, Liu et al. 2013b, Harri-
son et al. 2014, McElroy et al. 2015). Extreme motions are
often measured in the ionized gas, with full width at half
maximum FWHM> 1000 km s−1, although modest velocity
shifts of Vs < few×100 km s
−1 are more typical. The out-
flows are triggered by AGN related processes, which may be
disk winds and/or radio jets. This is not in contradiction
with their radio-quietness (see for instance Tadhunter et al.
2014, Harrison et al. 2015a). In fact, the existence of jets in
many (all?) AGN typically defined as radio-quiet has been
proposed by different authors (e.g. Falcke & Biermann 1995,
Ghisellini et al. 2004). Also, the most extreme outflows are
often found in objects with a modest degree of jet activity
(e.g. Whittle 1992, Mullaney et al. 2013, Villar Mart´ın et al.
2014).
Evidence for large scale, wide angle AGN driven ion-
ized outflows in quasars with moderate or low radio activ-
ity at different redshifts has been reported in a diversity
of studies in recent years. Spectroscopic studies of QSO2
at z .0.7 have suggested that such galaxy outflows are
prevalent among these systems (Greene et al. 2011, Liu et
al. 2013b, Harrison et al. 2014, McElroy et al. 2015; see
also studies of individual quasars by Humphrey et al. 2010,
Rupke & Veilleux 2011, Greene et al. 2012, Harrison et al.
2015a). The inferred spatial extents are in the range ∼6-20
kpc. According to these studies , the impact of the ionized
outflows can be exerted across large spatial scales, even en-
tire galaxies. The estimated kinetic energies, outflow masses
and mass outflow rates may be large enough for the ob-
served quasar winds to have a significant impact on their
host galaxies (e.g. Liu et al. 2013b). Karouzos et al. (2016)
have recently questioned these results and report smaller
outflow radial sizes ∼1-2 kpc, raising doubts about their ef-
fectiveness as a mechanism for AGN feedback.
At high redshifts energetic outflows are predicted to be
very common. During the peak of cosmic star formation
and QSO activity (i.e. z ∼2-3), different studies have re-
ported evidence for spatially extended AGN-driven ionized
outflows in systems with signs of AGN activity and moder-
ate or low radio emission. The reported extensions are ∼2-8
kpc (Alexander et al. 2010, Cano Dı´az et al. 2012, Fo¨rster
Schreiber et al. 2014, Genzel et al. 2015, Carniani et al.
2015) and sometimes &10 kpc (Harrison et al. 2012, Cresci
et al. 2015). Ionized outflows extending up to ∼10 kpc from
the central black hole have also been reported in obscured
quasars at intermediate z ∼1.5 (Perna et al. 2015).
We present here a kinematic study of eighteen high
luminosity Seyfert 2s and QSO2 at z ∼0.3-0.6. The main
purpose of this paper is to investigate the spatially ex-
tended kinematics in these systems, putting a special em-
phasis on the potential signatures of the outflows at large
extra-nuclear distances (&several kpc). Previous results on
this sample based on the same data have been published in
Villar Mart´ın et al. 2011a (hereafter VM11a), 2011b (here-
after VM11b), 2012 and Humphrey et al. 2015 (hereafter
Paper I). The kinematic analysis, which supported the ubiq-
uitousness of ionized outflows in QSO2, was focussed on the
nuclear, spatially integrated spectra (VM11b), providing no
information on their spatial extension.
In Section 2, we describe the sample. The observations
and data reduction are summarized in Section 3. The kine-
matic analysis methods and their uncertainties are described
in Section 4. The analysis and results are presented in Sec-
tion 5 and discussed in Section 6. The summary and conclu-
sions are presented in Section 7. Results for the majority of
the objects are explained in detail in Appendix A.
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2 THE SAMPLE
The sample consists of 18 luminous type 2 AGN selected
from Reyes et al. (2008) Sloan Digital Sky Survey (SDSS,
York et al. 2000) catalogue (Table 1). They are objects with
narrow (<2000 km s−1) emission lines with no underlying
broad components for the recombination lines which would
be suggestive of a broad line region (BLR). The emission
line ratios are characteristic of non-stellar ionizing radiation
(Zakamska et al. 2003). The [OIII]λ5007 ([OIII] hereafter)
luminosities L[OIII] are in the range lO3=log
(
L[OIII]
L⊙
)
=7.8-
9.7 (luminosities taken from Reyes et al. 2008 available on
the Vizier online catalogue).
Our sample consists of two-subsamples that were ob-
served in 2009 and 2011, and which are described in detail
in two separate papers (VM11a and Paper I). For clarity
we will refer to them as the 2009 and 2011 samples. Both
contain luminous type 2 AGN with redshift z ∼0.3-0.6. As
explained in Paper I, the main difference between the two
subsamples is that the 2011 objects are somewhat less lu-
minous. While the 2009 subsample had a range of lO3 with
median value 8.84, the 2011 subsample has 8.27. Adopting
lO3=8.3 as the threshold value to select QSO2 versus high
luminosity Seyfert 2 (Reyes et al. 2008) the 2009 subsam-
ple contains 7 QSO2 and 1 HSy2 and the 2011 subsample
contains 4 QSO2 and 6 HSy2.
In order to classify the objects according to the radio-
loudness, we have used the rest-frame radio power at 5 GHz
P5GHz and the [OIII] luminosities L[OIII], following Xu et al.
(1999). We calculate P5GHz = 4piD
2
LS5GHz(1+z)
−1−α where
DL is the luminosity distance, S5GHz is the observed flux
density at 5 GHz and α is the spectral index such that
Sν ∝ ν
α. Only S1.4GHz is available for most objects (Paper I)
and these have been used to predict S5GHz. The index α
was inferred by Lal & Ho (2010) for SDSS J0903+02, SDSS
J0950+03, SDSS J1014+02, SDSS J1017+03 and SDSS
J1247+01 based of 1.4 and 8.4 GHz flux densities. For the
rest of the objects, we assume α = +0.094, the median value
found by these authors for a sample of QSO2 at similar z as
our objects. The estimated P5GHz values and the final clas-
sification are shown in Table 1. Ten objects are radio quiet,
seven are radio-intermediate and one is radio-loud. Applying
the same classification criteria, Lal & Ho (2010) found that
∼15±5% of QSO2 are radio-loud and that the majority of
the detected sources are radio-intermediate.
3 OBSERVATIONS AND DATA REDUCTION
The data were obtained with the Focal Reducer and Low
Dispersion Spectrograph (FORS2) for the VLT installed on
UT1 (Appenzeller et al. 1998). The observations were per-
formed in two different runs: 2009 April 17 and 18 (8 objects)
and 2011 April 25 to 28 (10 objects). The observations and
data reduction were described in VM11a and Paper I. The
spectral resolution was 5.2±0.2 A˚ for the 2009 observations.
It was 5.2±0.2, 7.2±0.2 A˚ and 9.6±0.3 A˚ or the 2011 spec-
tra, depending on the object (see Paper I for details).
3.1 Seeing effects
The main objective of this study is to determine whether
spatially extended ionized outflows are present in our sam-
ple. For this, a careful characterization of the seeing size
(FWHM) and shape, including the uncertainties, is crucial.
The seeing was very variable during both the 2009 and 2011
VLT observations (FWHM in the range ∼0.6′′-1.6′′). To ac-
count for the uncertainties, the seeing FWHM was measured
from the broad band and narrow/intermediate band images
observed at similar time as the spectra, using several stars in
the field. The average FWHM calculated over the exposure
time as measured by the Differential Image Motion Moni-
tor (DIMM) station was also considered. The dispersion in
these values gives an estimation of the FWHM uncertainties,
which have been carefully taken into account as discussed in
Paper I.
For each object we reconstructed the spatial profile of
the seeing disc along the slit using a non-saturated star in
images taken immediately before or after the spectroscopic
observation of the science target. Because our study is based
primarily on [OIII], whenever possible the narrow or inter-
mediate band image containing this line was used, in order
to minimize the effects of the wavelength dependence of the
seeing profile. In the absence of either a narrow band or in-
termediate band image, the broad-band image was instead
used. In all cases, the selected star was sufficiently bright to
detect and trace adequately the faint wings of the seeing pro-
file. The stellar flux was extracted from apertures centered
on the stellar centroid and mimicking the slit: 4 (1.0 arcsec)
or 5 pixels (1.3 arcsec) wide depending on the slit used for
the spectroscopic observation of the science targets. Finally,
the sky background was removed from the stellar spatial
profile.
We showed in Paper I that the spatial distribution of
the ionized gas is always dominated by a bright compact,
usually spatially unresolved central source. In addition, ex-
tended emission line features are frequently detected, which
can be more than 100 times fainter in surface brightness.
This means that even when the emission lines are spa-
tially extended, the contribution from the central unresolved
source can be dominant at distances several times the seeing
FWHM. Thus, seeing smearing must be carefully accounted
for to characterize the extended kinematics. An illustrative
example in our sample is SDSS J1153+03. Although faint
extended [OIII] emission is detected up to ∼4.5 arcsec from
the AGN, the central unresolved source dominates up ∼2.5
arcsec or ×6 times beyond the seeing FWHM. Another clear
example is SDSS J1336-00. The [OIII] profiles are spatially
unresolved compared with the seeing and yet line emission
is detected up to ∼7 times beyond the seeing FWHM.
The slit width was chosen between 1.0′′ and 1.3′′ to
reach a compromise between optimizing the observing time,
obtaining an adequate spectral resolution and avoiding sig-
nificant flux loses. The slit was often wider than the seeing
disk as a consequence (VM11a, Paper I). This introduces
additional uncertainties on the kinematic measurements for
spatially unresolved sources. We refer the reader to Paper I
for a detailed discussion on all these aspects. The associated
uncertainties have been carefully taken into account. They
do not have an impact on our results.
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Table 1. Sample of type 2 quasars (QSO2, lO3=log(
L[OIII]
L⊙
) > 8.3) and high luminosity Seyfert 2 (HSy2, lO3 68.3). “Radio class” refers
to the radio-loudness classification according to RQ (radio-quiet), RI (radio-intermediate) or RL (radio-loud) (see the text).
Target Short name z log(
L[OIII]
L⊙
) Seeing log(P5GHz) AGN Radio
FWHM(”) erg s−1 Hz−1 class class
2009 sample
SDSS J095514.11+034654.2 SDSS J0955+03 0.422 8.51 1.6±0.1 30.9 QSO2 RI
SDSS J115314.36+032658.6 SDSS J1153+03 0.575 9.66 0.8±0.1 31.2 QSO2 RQ
SDSS J122845.74+005018.7 SDSS J1228+00 0.575 9.31 1.75±0.09 31.5 QSO2 RI
SDSS J130740.55-021455.2 SDSS J1307-02 0.424 9.01 0.83±0.05 30.9 QSO2 RQ
SDSS J133735.01-012815.6 SDSS J1337-01 0.328 8.73 1.6±0.1 30.9 QSO2 RQ
SDSS J140740.06+021748.3 SDSS J1407+02 0.309 9.00 0.73±0.04 30.4 QSO2 RQ
SDSS J141315.31-014221.0 SDSS J1413-01 0.380 9.18 1.54±0.09 31.1 QSO2 RQ
SDSS J154613.27-000513.5 SDSS J1546-00 0.383 8.18 0.90±0.05 30.8 HSy2 RI
2011 sample
SDSS J090307.83+021152.2 SDSS J0903+02 0.329 8.79 0.95±0.05 31.4 QSO2 RI
SDSS J092318.06+010144.8 SDSS J0923+01 0.386 8.78 0.66±0.06 30.6 QSO2 RQ
SDSS J095044.69+011127.2 SDSS J0950+01 0.404 8.22 1.00±0.05 30.9 HSy2 RI
SDSS J101403.49+024416.4 SDSS J1014+02 0.573 8.29 0.65±0.04 31.5 HSy2 RI
SDSS J101718.63+033108.2 SDSS J1017+03 0.453 8.27 0.75±0.05 31.2 HSy2 RI
SDSS J124749.79+015212.6 SDSS J1247+01 0.427 8.23 1.25±0.045 32.0 HSy2 RL
SDSS J133633.65-003936.4 SDSS J1336-00 0.416 8.64 0.64±0.05 .30.4 QSO2 RQ
SDSS J141611.77-023117.1 SDSS J1416-02 0.305 8.03 1.0±0.05 30.5 HSy2 RQ
SDSS J143027.66-005614.8 SDSS J1430-00 0.318 8.44 0.73±0.05 .30.1 QSO2 RQ
SDSS J145201.73+005040.2 SDSS J1452+00 0.315 7.82 0.60±0.04 30.1 HSy2 RQ
4 KINEMATIC ANALYSIS METHOD
4.1 Methods to isolate the emission from the
outflowing gas
The emission line profiles of QSO2 are often complex and
show large asymmetries and deviations from gaussianity
(e.g. VM11b, Greene et al. 2011, Liu et al. 2013b, Harri-
son et al. 2014, Villar Mart´ın et al. 2014, McElroy et al.
2015). In order to characterize the ionized gas kinematics
two main methods are usually applied: parametric and non
parametric.
The first method consists of multiple Gaussian fits. It
is based on the assumption that the complex emission line
profiles are a combination of several kinematic components,
each being described by a Gaussian velocity distribution.
The non-parametric measurements consists of measuring ve-
locities at various fixed fractions of the peak intensity (e.g.
Heckman et al. 1981), or by measuring velocities at which
some fraction of the line flux is accumulated (Whittle 1985).
Commonly used parameters are the FWHM and the width
containing 80 percent of the line flux (W80).
The second, non-parametric method has the advantage
of not introducing ad-hoc assumptions (namely, Gaussian
velocity distributions). Moreover, it can be applied to low
S/N spectra, for which the parametric analysis may fail espe-
cially when the lines are very complex (3 or more kinematic
components). It helps to characterize global kinematic prop-
erties and is efficient at identifying high velocity (outflowing)
gas (e.g. large W80, blue asymmetries). This approach, how-
ever, is not exempt from uncertainties. For instance, it does
not account for the fact that at every spatial location dif-
ferent gaseous components can contribute to the flux and
modify the shape of the line profiles: e.g. companion objects
(e.g. double nuclei, star forming knots), tidal features, ambi-
ent NLR gas or outflowing gas. Parameters such asW80 and
very particularly the median velocity of the line profiles are
sometimes difficult to interpret, since the apparent spatial
velocity fields could be affected by the relative contribution
of the different gaseous components varying in space.
The parametric analysis overcomes this difficulty, mak-
ing it possible to isolate the contribution of all individual
components at every spatial location. It has the disadvan-
tage of introducing the assumption of Gaussian velocity dis-
tributions, where velocities actually appear non Gaussian.
For this reason, the physical sense of the resulting kinematic
quantities has been questioned.
In spite of the uncertainties and concerns, different
studies suggest that the parametric analysis actually pro-
vides physically meaningful and coherent results. This is es-
pecially true when the spatial continuity of the properties
of the individual components can be tested.
Applying the multi-Gaussian method different authors
have isolated the outflowing gas in multiple optical emission
lines in diverse samples of active and non-active star form-
ing galaxies. The trends found must be physically real and
are difficult to explain as artifacts of the fitting method. As
an example, it is found that the outflowing gas in differ-
ent objects has higher density and is more highly reddened
than the ambient gas (e.g. Holt et al. 2011, Villar Mart´ın
et al. 2014, Arribas et al. 2014). It is also found that the
line ratios used on the standard BPT diagnostic diagrams
(Baldwin, Philips & Terlevich 1981) place the different kine-
matic components isolated in the spectra of QSO2, includ-
ing the outflowing gas, in the AGN area of the diagrams.
The same method places the individual components in star
forming systems in the corresponding starburst region of
c© 2013 RAS, MNRAS 000, 1–??
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the diagrams (Arribas et al. 2014). In hybrid objects, such
as ULIRGs with Seyfert nuclei a clear gradient has been
found from narrow to intermediate to broad components in
terms of position on the BPT diagrams (Rodriguez Zaur´ın
et al. 2013). These and other studies suggest that in spite of
the uncertainties, the multi-Gaussian fitting procedure pro-
vides physically meaningful results which would be difficult
to achieve with the non parametric analysis.
Although the two approaches have their advantages and
limitations, the parametric method allows one to isolate
more efficiently the outflowing gas, trace its spatial distri-
bution and the spatial variation of its kinematic properties,
with the least uncertainties due to possible contamination
by other gaseous components. For these reasons, we adopt
it here.
The spectral line profiles were fitted with the STAR-
LINK package DIPSO following the same procedure de-
scribed in VM11b (see also Villar Mart´ın et al. 2014). DIPSO
is based on the optimization of fit coefficients, in the sense
of minimizing the sum of the squares of the deviations of the
fit from the spectrum data. The minimum number of com-
ponents required to produce an adequate fit was used. The
output from a complete fit consists of the optimized param-
eters (FWHM, central λ, peak and integrated fluxes) and
their errors (calculated in the linear approximation, from the
error matrix). All FWHM values were corrected for instru-
mental broadening by subtracting the instrumental profile
in quadrature (Paper I).
4.2 Methods to constrain the spatial extension of
the outflows
To determine whether the ionized outflows detected in our
sample are spatially extended, the following three methods
will be used. They work at different spatial scales and are
complementary for our purposes.
(i) Comparison between the spatial profile of the out-
flowing gas emission and the seeing disk.
For this we perform a multi-Gaussian fit of the [OIII]
lines at every spatial pixel along the slit. The FWHM, Vs and
flux of the individual kinematic components are measured
pixel by pixel. Whenever this method could not be applied
due to the complexity of the line profiles and/or the low
S/N of the data, 1-dimensional spectra were extracted from
several spatial apertures several pixels wide located at both
sides of the emission lines spatial centroid.
The spatial profile along the slit of the outflowing gas is
thus generated and then compared with the seeing profile.
This was built specifically for each object as described in
Sect. 3.1.
If the outflow is not resolved, method (i) provides an
upper limit on its extension. This will be estimated as fol-
lows. Let us consider a source of observed full width at
half maximum FWHMobs±∆(FWHMobs). If the seeing has
FWHM’±∆(FWHM’), we will assume that the source is spa-
tially unresolved when:
FWHMobs < FWHM’ + ∆(FWHM’) + ∆(FWHMobs)
In such cases, an upper limit for the intrinsic FWHMint
will be set by estimating the value that will result in
FWHMobs = FWHM’ + ∆(FWHM’) + ∆(FWHMobs).
Given the z of our targets and the range of seeing sizes,
method (i) is insensitive to FWHMint .2-5 kpc depending
Figure 1. In order to constrain the sizes of the outflowing re-
gion applying the spectroastrometric technique it is first necessary
to determine at which velocities the outflow emission dominates.
The method is illustrated here for SDSS J0955+03. The fit to the
nuclear [OIII]λ5007 (black) and the individual kinematic compo-
nents (coloured lines) are shown in the top panel (flux in arbitrary
units). The middle and bottom panels show the relative contribu-
tion of the outflowing gas to the total line flux considering that
the broadest (blue Gaussian) component traces the outflow (Case
A) or if also the intermediate component (red Gaussian) partic-
ipates (Case B). The colored areas mark the velocity ranges at
which this ratio is >0.8 (i.e. the outflow dominates the line flux, in
blue) or at which the ambient gas dominates (ratio <0.2, in red).
The inferred value of Ro might depend on the adopted scenario.
Such uncertainty will be taken into account when relevant.
on the seeing size. Similarly, for a barely resolved source we
will estimate FWHMint by subtracting the seeing FWHM
from FWHMobs in quadrature.
Notice that these calculations rely on the assumption
that the intrinsic spatial profile of the outflowing gas is
Gaussian. Results assuming an intrinsic Se´rsic or Voigt pro-
c© 2013 RAS, MNRAS 000, 1–??
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file would be roughly equivalent, while a top hat profile
would result in sizes ∼0.2 dex smaller (Hainline et al. 2014).
(ii) Search for kinematic substructure within the seeing
disk. Sometimes the spatial profiles of the seeing disk and
the source will be found to be consistent within the errors.
Discerning whether the object is spatially resolved or not
will be difficult, taking uncertainties on the object and seeing
sizes into account.
Method (ii) will allow us to discern this by investigating
the possible presence of kinematic spatial variations within
the seeing disk, which would not be expected for an unre-
solved source. If the pixel by pixel analyses described above
reveals spatial variations of the FWHM and/or Vs within the
seeing disk of a given kinematic component (in particular the
outflowing gas), this will imply that it is spatially resolved.
The outflow extension will be constrained in such cases as
explained above for a barely resolved source. If no kinematic
variation is found, we will conclude that the source is not
resolved in comparison with the seeing disk.
(iii) Spectroastrometry. This method allows one to
study the spatial structure of the outflowing gas on scales
well below the seeing size. It involves measuring the relative
position of the centroid of the [OIII] spatial profile as a func-
tion of velocity. The size of the outflow will be constrained
from the spatial shifts measured for those velocities at which
the outflow dominates (see below).
The spectroastrometric method provides a lower limit
on the maximum extent of the outflows since it does not take
into account the spread in radial distances and velocities of
the outflowing clouds. For instance, in the case that these
clouds were fairly symmetrically distributed about the con-
tinuum centroid, the displacement measured could be small
even if the outflow extended to several kpc. On the other
hand, this method gives the displacement of the outflow from
the continuum centroid at the most extreme velocities, for
which its emission dominates the total line flux. The spatial
centroid at lower velocities possibly traces the ambient gas,
even if the outflow also contributes partially to the line flux.
One source of uncertainty is related to the exact loca-
tion of the AGN, which should mark the spatial zero for
the spatial shift measurements. In QSO1 this is possible by
determining the centroid of the continuum emission, since
this is clearly dominated by the spatially unresolved accre-
tion disk. In QSO2 this is not necessarily the case because
the central engine is hidden from our line of sight and the
optical continuum is likely to be dominated by the stellar
host. In spite of this uncertainty, we will use the continuum
centroid (measured on the red side near [OIII]λ5007) as the
spatial zero. In most cases, this coincides with the centroid
of the [OIII] line, which is reassuring. For those few excep-
tions where both centroids show significant shifts, we will
discuss the implications on the estimated outflow sizes.
In order to constrain the outflow sizes, it is essential to
identify at which velocities the outflow emission is dominant
and then measure the corresponding spatial shifts. This is
not trivial, given the complexity of the line profiles which of-
ten involve several kinematic components of different, some-
times uncertain nature. We will achieve this using the results
of the multi-Gaussian spectral decomposition of the nuclear
spectra.
The method is illustrated in Fig. 1. The top panel shows
an example of the fit to the nuclear [OIII] line (black) of one
of our targets. The individual kinematic components iso-
lated in the fit are shown with different colors. The middle
and bottom panels show the ratio between the flux emitted
by the outflow Foutflow
Ftotal
and the total line flux at different ve-
locities, in two different scenarios described below. We will
assume that when this ratio is >0.8 (blue areas in the fig-
ure), the outflow dominates. We will then infer the spatial
centroid for these velocities and the shift relative to the spa-
tial zero. This will give a lower limit on the outflow radial
size Ro.
The sizes constrained in this way (also with methods
(i) and (ii)) depend on our ability to isolate the outflow
emission. This is confidently done when the line profiles are
dominated by a narrow core which is likely to trace the un-
derlying gravitational motions and a much broader compo-
nent with FWHM&1000 km s−1 emitted by the outflow.
In some cases, such as that shown in Fig. 1, the line pro-
files are so complex (a narrow, an intermediate and a broad
component) that the identification of the outflow kinematic
components is not obvious. The middle and bottom panels
illustrate this uncertainty by showing the difference in the
velocity ranges where the outflow dominates if the broadest
component is considered the only tracer of the outflow (mid-
dle panel) or if the intermediate component also participates
(bottom panel).
This uncertainty has been taken into account by consid-
ering the different possibilities and will be mentioned when
relevant.
5 ANALYSIS AND RESULTS
5.1 Nuclear kinematics
In VM11b we analyzed the nuclear kinematics in the 2009
sample. Signatures of ionized outflows were found in all
objects. We perform here a similar analysis for the 2011
sample (except SDSS J1430-00, which was studied in Vil-
lar Mart´ın et al. 2012) applying the same method and using
the [OIII]λλ4959,5007 doublet. The nuclear spectra were ex-
tracted from 4 to 6 pixel (1.0 to 1.5′′) wide apertures cen-
tered at the spatial centroid of the line and selected to max-
imize the S/N of the line wings, where potential outflow
signatures are usually identified. The results of the fits are
shown in Table 2 and in Fig. 2 to Fig. 4. Details on individ-
ual objects are given in Sect. 5.2.1 and Appendix A. Here
we focus on the global results.
In most objects the emission line profiles show kine-
matic substructure and a variety of shapes: from highly
asymmetric and broad profiles with more than one peak to
simple and symmetric shapes. Such diversity is common in
QSO2 (VM11b, Liu et al. 2013b, Harrison et al. 2014, McEl-
roy et al. 2015).
Given the lack of more adequate information to deter-
mine the systemic velocity of the host galaxies (e.g. from
stellar features) the velocity shifts Vs have been calculated
relative to the λ of [OIII]λ5007 core. As discussed in VM11b,
although the line is complex and broad, it shows in most
cases a narrow core whose λ can be measured with high
accuracy. We use its redshift as an approximation of zsys,
although it must be kept in mind that the uncertainties are
large regarding the validity of this assumption (Greene &
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Figure 2. Fits of the nuclear spectra of the 2011 sample. The data, the fits and residuals are shown in black, cyan and red respectively
(left panels). The residuals have been scaled up for clarity. The individual components are shown in the right panels with different colors.
Cyan, blue, green and red are used from the most blueshifted to the more redshifted components. Fluxes have been normalized to the
peak of [OIII]λ5007.
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Table 2. Results of the nuclear fits for the 2011 sample. The
properties of the individual kinematic components are shown. The
velocity shifts Vs have been calculated relative to the λ of the
narrow core of [OIII] (see the text). Frel is the ratio of the flux of
a given kinematic component relative to the total line flux. The
slit position angle PA is quoted for each object and spectra (see
Paper I for detailes).
Comp. FWHM Vs Frel
km s−1 km s−1
SDSS J0903+02 PA1-65.5◦
Comp 1. 202±80 273±22 0.036±0.007
Comp 2. 1194±40 -114±21 0.47±0.03
Comp 3. 855±78 -2280±27 0.10±0.01
Comp 4. 3546±174 -522±83 0.39±0.04
PA2 63.4◦
Comp 1. .154 -34±20 0.034±0.005
Comp 2. 1393±81 78±26 0.43±0.04
Comp 3. 585±83 -2135±30 0.08±0.01
Comp 4. 3306±168 -947±138 0.42±0.05
SDSS J0923+01 PA 40.9◦
Comp 1. 708±34 -3±9 0.66±0.11
Comp 2. 1667±177 -36±40 0.34±0.12
SDSS J0950+01 PA 9.9◦
Comp 1. 180±39 450±11 0.20±0.01
Comp 2. 233±49 -402±12 0.15±0.02
Comp 3. 1640±44 -56±24 0.65±0.04
SDSS J1014+02 PA1 -5.9◦
Comp 1. 320±19 315±19 0.42±0.04
Comp 2. .312 -316±21 0.12±0.02
Comp 3. 1537±72 189±34 0.46±0.06
PA2 42.1◦
Comp 1. 388±21 334±19 0.37±0.03
Comp 2. 254±32 -320±21 0.06±0.02
Comp 3. 1580±115 262±53 0.57±0.05
SDSS J1017+03 PA 37.7◦ No outflow?
Comp 1. 398±15 0 1.00
SDSS J1247+01 PA 60.7◦
Comp 1. 422±50 23±21 0.53±0.11
Comp 2. .170 525±22 0.16±0.04
Comp 3. 1173±198 -278±173 0.3±0.1
SDSS J1336-00 PA 57.4◦
Comp 1. 479±14 48±9 0.39±0.03
Comp 2. 984±29 -341±26 0.38±0.03
Comp 3. 2485±173 -894±86 0.23±0.02
SDSS J1416-02 PA 90.0◦ No outflow?
Comp 1. Unres. 11±9 0.46±0.06
Comp 2. 370±37 -72±15 0.54±0.07
SDSS J1452+00 PA -64.6◦ No outflow?
Comp 1. .265 -153±21 0.15±0.03
Comp 2. 846±21 97±23 0.85±0.05
Ho 2005). For the double peaked sources with two promi-
nent peaks (SDS J0950+01, SDSS J1014+02) the middle λ
between the two peaks has been used instead.
Six out of nine objects (Table 2) show evidence for
highly perturbed kinematics with the presence of at least one
prominent broad component with FWHM>1000 km s−1,
which is in general blueshifted with respect to zsys. SDSS
J1014+02 is an exception, but notice that the double peaked
Figure 3. SDSS J1017+03. Fit (cyan) of the nuclear [OIII] lines
(black). No clear evidence for an ionized outflow is found. Flux
normalized to the peak of [OIII]λ5007
profile makes zsys highly uncertain. If the most prominent
peak (Figs. 2) marks zsys, a blueshift of ∼-550 km s
−1 is
inferred. If we applied this same criteria to the also double
peaked SDSS J0950+01, the outflow would be blueshifted
by ∼-500 km s−1. Such broad components are signatures of
ionized outflows (see also VM11b).
Three objects show no clear evidence for outflows (see
Appendix A): SDSS J1017+03, SDSS J1416-02 and SDSS
1452+00. Interestingly, they have among the lowest L[OIII]
in the sample (Table 1). We will discuss this in Sect. 6.1.
5.2 Extended kinematics
5.2.1 Individual objects
We present in this section the detailed analysis of four ob-
jects in the sample to highlight more clearly the main results
of our study. SDSS J1307-02 and SDSS J1407+02 show ev-
idence for ionized outflows barely extended relative to the
seeing disk; SDSS J1153+03 is also an uncertain candidate
to harbor a barely resolved outflow; SDSS 0903+02 is the
only object in our total sample of 18 objects for which the
data are consistent with a galaxy scale outflow. They are,
moreover, good examples that illustrate well the difficulties
inherent in this and related studies.
The study of the rest of the sample is described in detail
in Appendix A.
We summarize in Table 3 the results of the analysis
of the 2009 and 2011 samples using the different methods
described in Sect. 4 The main results on the extent of the
outflows in individual objects are presented in Table 4.
SDSS J1153+03
The nuclear spectrum of this radio-quiet QSO2 is best
fitted with three components of FWHM=270±10, 730±10
and 1450±80 km s−1 respectively. The last one, which is
likely to trace the outflow, is redshifted by Vmax=330±70
km s−1 (VM11b). It is one of the exceptional cases where
the broadest component shows a clear redshift, rather than
a blueshift (see also SDSS J1228+00). Although rare, a com-
bination of reddening and inclination angles of the outflow
c© 2013 RAS, MNRAS 000, 1–??
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Figure 4. Fits of the nuclear spectra of the 2011 sample (cont. of Fig. 2).
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Figure 5. These three QSO2 show at least preliminary evidence for spatially extended outflows. A) total [OIII] (continuum subtracted)
spatial profile (green) compared with the seeing (black). B) spatial profile of the individual kinematic components isolated in the fits
compared with the seeing. The narrow, intermediate and broad components are represented with red circles, dark blue squares and light
blue triangles respectively. C) Velocity shift Vs and D) FWHM of the individual kinematic components. Solid symbols correspond to
pixel by pixel fits. Large hollow symbols correspond to large (several pixels wide) apertures, selected to increased the S/N. The widths
are indicated by the horizontal bars. For SDSS J1307-02 small purple diamonds are used in the outer region to the West because these
pixels show very distinct kinematics. Notice that for clarity sometimes we use a different scale for the the spatial axis of the A) panels
compared with B), C) and D).
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Figure 6. Spectroastrometric analysis for SDSS J1153+03. Left: Shift of the spatial centroid measured for [OIII] at different velocities
relative to the continuum centroid. Right: Velocity shift versus the relative contribution of the outflowing gas to the total [OIII] line
flux. The blue areas mark the range of velocities for which the outflow dominates the line flux (
Foutflow
Ftotal
>0.8). The red areas mark the
velocities for which its contribution is minimum (Foutflow
Ftotal
<0.2). The emission at velocities dominated by the outflow are in general
shifted relative to the continuum centroid. The arrow marks the assumed spatial shift representing the lower limit for the radial size of
the outflow. In this case, Ro &523 pc.
Figure 7. Spectroastrometry analysis for SDSS J1307-02. The spatial centroids of the continuum and the emission lines location are
significantly shifted at all velocities. This introduces uncertainties on the location of the AGN (i.e. the spatial zero). Two cases are
considered to constrain Ro: the continuum centroid marks the location of the AGN (Case A); the emission line centroid at zero velocity
marks the location of the AGN (Case B). We will adopt Ro &831 pc as a conservative lower limit. Line, symbol and color codes as in
Fig. 6.
Figure 8. Spectroastrometry analysis for SDSS J1407+02. Line, symbol and color codes as in Fig. 6.
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Table 3. Main properties of the ionized outflows. Wmax and Vmax (columns 2 and 3) refer to the FWHM and Vs of the broadest compo-
nent isolated in the nuclear spectra (Table 2). The values for the 2009 sample have been taken from VM11b. Column (4) indicates whether
the ionized gas is spatially extended along the slit position angle. Column (5) specifies whether the objects shows merger/interactions
signatures (see VM11a and Paper I for 2009 and 2011 samples respectively). Column (6) quotes whether the objects show unambiguous
evidence for an ionized outflow. Columns 7 to 9 quote whether the outflows are spatially extended as inferred from: the comparison
between the spatial profile of the outflowing gas and the seeing (method (i), column 7); possible kinematic spatial variations of the
outflowing gas accross the seeing disk (method (ii), column 8); the spectroastrometric analysis (method (iii), column 9). N/A in these
columns means that the method could not be applied. A question mark indicates that the conclusion (extended or not extended) is
uncertain. The FWHM of the lines in the most extended gas is quoted in column (10), when this can be clearly isolated from the
dominant central source. In general, the values are gross upper limits (see text). A “?” in column (8) means that the necessary analysis
could not be performed.
Target and slit PA Wmax Vmax Ionized gas Interactions Outflow? Method (i) Method (ii) Method (iii) FWHMext
km s−1 km s−1 extended? /mergers? extended? extended? extended? km s−1
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10)
2009 sample
SDSS J0955+03 -65.0◦ 2500±200 -620±140 Yes No Yes N/A No ? .267
SDSS J1153+03 65.0◦ 1450±80 330±70 Yes Yes Yes No Yes? Yes .270
SDSS J1228+00 -10.0◦ 2300±70 770±20 No No Yes N/A N/A No N/A
SDSS J1307-02 76.0◦ 1000±40 -190±20 Yes Yes Yes Yes Yes Yes 255±41
SDSS J1337-01 -21.0◦ 1280±60 -290±10 No No Yes No No Yes N/A
SDSS J1407+02 -30.0◦ 1670±120 -70±30 No No Yes Yes Yes Yes N/A
SDSS J1413-01 45.0◦ 1190±50 -145±30 No No Yes No No Yes N/A
SDSS J1546-00 -71.0 780±30 -270±-35 No No Yes No No No N/A
2011 sample
SDSS J0903+02 PA1-65.5◦ 3546±174 -522±83 Yes Yes Yes Yes? N/A Yes .200
PA2 63.4◦ 3306±168 -947±138 Yes Yes Yes? N/A Yes .180,934±32
SDSS J0923+01 40.9◦ 1667±177 -36±40 Yes Yes Yes No No Yes 212±32
SDSS J0950+01 9.9◦ 1640±44 -56±24 Yes Yes Yes No No Yes .235
SDSS J1014+02 PA1-5.9◦ 1537±72 189±34 No Yes Yes No No No N/A
PA2 42.1◦ 1580±115 262±53 Yes Yes No No No .211
SDSS J1017+03 37.7◦ N/A N/A Yes Yes No N/A N/A N/A .140
SDSS J1247+01 60.7◦ 1173±198 -278±173 Yes Yes Yes N/A N/A Yes .154
SDSS J1336-00 57.4◦ 2485±173 -894±86 No No Yes No No Yes N/A
SDSS J1416-02 90.0◦ N/A N/A Yes Very likely No N/A N/A N/A .200
SDSS J1430-00 9.8◦ 1600±200 -520±60 Yes Yes Yes No No Yes .250
SDSS J1452+00 -64.4◦ N/A N/A Yes Yes No N/A N/A N/A ?
cone axis and a galactic disk can be such that the blueshifted
cone is entirely occulted by the disk and the redshifted cone
is not (Crenshaw et al. 2010). In this situation, the observer’s
line of sight is approximately parallel to the cones edges,
corresponding to an orientation intermediate between type
1 and type 2. Such intermediate orientation was proposed
by VM11a to explain the detection of strong optical contin-
uum and very broad underlying Hβ emission in the nuclear
spectrum of this QSO2.
The [OIII] spatial profile is dominated by the central
compact source (Fig. 5, left panel A), which appears barely
resolved in the central regions compared with the seeing
(FWHM=0.8±0.1). In addition, the excess of emission above
the seeing wings at >2.5 arcsec to the West shows that the
gas is extended (this is confirmed by [OII]λ3727 or [OII]
hereafter), which shows an even clearer excess at both sides
of the central source, although this is not plotted for sim-
plicity). VM11a showed that at ∼+3.5′′ to the East the line
has a clear contribution of a companion emission line galaxy,
especially evident in the low ionization lines such as [OII].
The maximum extension of the ionized gas towards the West
is ∼4.7′′ or ∼30 kpc.
The properties of the different kinematic components
isolated in the [OIII] lines along the slit (on a pixel by pixel
basis) are shown in (Fig. 5, right panels). The narrow compo-
nent is clearly extended and is relatively narrow, spectrally
unresolved at most locations with FWHM.270km s−1 in
general. On the contrary, the spatial distributions of the in-
termediate and broadest components are consistent with the
seeing disk. This fact sets an upper limit to the spatial ex-
tension of these components of FWHMint . 0.53 arcsec or
3.4 kpc (Sect. 4.2).
The kinematic plots (Fig. 5, panels C and D) sug-
gest kinematic spatial variations of the broadest component
(the outflow) within the seeing disk, which is also suggested
by the analysis based on larger apertures (hollow symbols
in the figures). The FWHM varies from 1856±128 up to
2311±184 km s−1. The velocity shift appears also differ-
ent with Vs =290±59 and 482±89 km s
−1 at both sides of
the continuum centroid. The changes in Vs and FWHM are
measured at less than <3σ significance. We have performed
one more test. We have forced the fits of the [OIII] lines in
the two large apertures at both sides of the continuum cen-
troid to have exactly the same FWHM and Vs for the broad
component. This is what we would expect if the emission
is smeared by the seeing. This was done in two ways: con-
straining the broad component of the West aperture using
the free fits of the East aperture and vice versa. We find that
it is possible to find acceptable fits satisfying these premises.
From this, it cannot be discarded that the broadest compo-
nent is spatially unresolved in comparison with the seeing.
Thus, we consider it as a possible candidate to harbor a spa-
tially resolved outflow, although follow up at higher spatial
resolution is necessary.
The results of the spectroastrometric analysis are shown
in Fig. 6. We consider that the most natural identification
of the outflowing gas is the broadest, redshifted component.
Notice that the results are not influenced by this choice or,
instead, by assuming that the intermediate component is
also part of the outflow. Fig. 6 (left) shows that the highest
velocities (which are those where the outflow unambiguously
dominates the line flux, as indicated by the blue areas) show
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Table 4. Constraints on the radial sizes of the outflows Ro as
derived from the spectroastrometric analysis (lower limits) and
the comparison with the seeing disk. aThis is a conservative lower
limit. It has a large uncertainty due to the unknown location of the
AGN (see the text). bThis is a gross upper limit, very uncertain
due to the difficulty to apply methods (i) and (ii). cSee Sect. 5.2
for a detailed discussion of this object.
Object Rastromo R
seeing
o
kpc kpc
2009 sample
SDSS J0955+03 >0 .3.5b
SDSS J1153+03 &0.52 .1.7
SDSS J1228+00 >0 .2.1
SDSS J1307-02 &0.83a 1.3±0.4
SDSS J1337-01 &0.19 .1.7
SDSS J1407+02 &0.50 1.0±0.2
SDSS J1413-01 &0.21 .1.5
SDSS J1546-00 >0 .1.4
2011 sample
SDSS J1430-00 &0.12 .0.8
SDSS J0903+02 &1.1 ∼10?c
SDSS J0923+01 &0.16 .1.0
SDSS J0950+01 &0.38 .1.1
SDSS J1014+02 >0 .1.0
SDSS J1217+01 &0.28 .1.4
SDSS J1336-00 &0.19 .1.0
a small spatial shift relative to the continuum centroid1. We
infer a lower limit Ro &0.08 arcsec or 523 pc.
SDSS J1307-02
The nuclear emission lines consist of 2 kinematic compo-
nents of FWHM=237±22 and 1000±40 km s−1 respectively.
The broadest is blueshifted by Vmax=-190±20 km s
−1 and
traces the outflowing gas.
In addition, extended very low surface brightness emis-
sion is detected at ∼3′′ or ∼17 kpc to the West. [OIII] is
narrow in these regions with FWHM=255±41 km s−1. This
distant gas is ionized by stars and does not seem to be af-
fected by the AGN (VM11a).
The [OIII] spatial profile is dominated by a compact
but spatially resolved source with FWHM=1.04±0.03 arc-
sec, compared with the FWHM=0.83±0.05 arcsec seeing
(Fig. 5, middle, panel A). We infer FWHMint ∼0.63±0.09
arcsec or 3.5±0.5 kpc.
The spatially resolved kinematic analysis (Fig. 5 mid-
dle, panels B to D) reveals that the narrow component is
clearly spatially extended. This seems to be the case as well
for the outflowing gas, which shows an excess above the
seeing disk especially obvious towards the East. We infer
FWHMint =0.46±0.12 arcsec or 2.5±0.7 kpc for the out-
flow.
In addition, the nuclear ionized outflow shows a sig-
nificant shift in velocity across its extension of 250±40 km
s−1. This kinematic substructure, which is seen as a result
of the pixel to pixel analysis and also using larger apertures
1 This is likely to be a reliable indicator of the AGN is this object,
due to its intermediate orientation.
(large hollow symbols in Fig. 5) reinforces that the outflow is
spatially resolved. We performed a similar test as described
for SDSS J1153+03. It is found that no successful fits can
be found forcing the broad component at both sides of the
continuum centroid to have the same Vs and FWHM. This
supports that the spatial kinematic variation is real.
The spectroastrometric analysis is affected by the un-
certainty in the AGN location (see Sect. 4). Fig. 7 (left)
shows that the emission line and continuum spatial centroids
are significantly shifted at all velocities (∼0.55 arcsec on av-
erage). We consider two scenarios: the AGN is located at the
continuum centroid (Case A) and at the line centroid (Case
B). We obtain Ro &0.67 arcsec (3.8 kpc) for Case A and
Ro &0.15 (831 pc) for case B. We will adopt the smallest
value as a conservative lower limit for Ro.
SDSS J1407+02
The nuclear spectrum is best fitted by three kinematic
components of FWHM 290±10, 720±20 and 1670±120 km
s−1 respectively, with the broadest components shifted by
Vmax=-70±30 km s
−1 (VM11b). It is not clear whether the
outflow is only traced by the broadest component or also
the intermediate one.
The [OIII] spatial profile is dominated by the central
compact source with no evidence for extended emission
along the slit (seeing FWHM=0.73±0.04; Fig. 5 right, panel
A).
The spatial profiles of the individual kinematic com-
ponents are consistent with the seeing disk (Fig. 5, right
panel B), except the intermediate component. This shows a
small excess above the seeing disk in most pixels. We infer
FWHMint =0.44±0.09 arcsec or 2.0±0.4 kpc for it.
The kinematic plots show that the narrow component
(which traces ambient not outflowing gas) shows no spatial
variation of its kinematics. On the contrary, both the broad
and the intermediate components show similar shifts in ve-
locity across the spatial centroid (panel C). This suggests
that they are spatially resolved. Both the pixel to pixel and
the large aperture analysis lead to the same result. The shift
in velocity (81±32 km s−1) is measured at ∼3σ level.
If, as for the previous objects, we force the two large-
aperture spectra at both sides of the spatial centroid to have
identical broad components (Vs and FWHM), an acceptable
fit is found. This means that there is a valid fit consistent
with the spatial distribution of the broad component being
spatially unresolved (the intermediate component still must
present a significant velocity shift). In spite of this uncer-
tainty, the almost identical results found for the intermediate
and the broad components, the excess of the intermediate
component above the seeing disk and the consistent trends
found in the pixel to pixel kinematic analysis at both sides
of the continuum centroid support that the spatial change of
Vs is real. We will thus consider this as a good candidate to
harbor a spatially resolved ionized outflow. From methods
(i) and (ii) we constrain Ro=1.0±02. kpc.
The spectroastrometric analysis also implies that the
outflow is spatially extended (Figs. 8). We infer Ro &496 pc
if both the broad and intermediate components participate
in the outflow. The similar behavior presented by the broad
and intermediate components may support this. The results
vary only slightly if only the broad component is considered,
giving Ro &338 pc.
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We refer the reader to Appendix A for a detailed de-
scription of the analysis and results on the rest of the sam-
ple. Table 3 presents the main conclusions regarding whether
the outflows are spatially extended or not using the different
methods described in Sect. 4. The constraints (lower and up-
per limits) on the extent of the outflows in individual objects
are presented in Table 4.
SDSS J0903+02
This QSO2 shows extreme nuclear kinematics and a
highly disturbed optical morphology (see Paper I). The
[OIII] lines are broad (Fig. 2) and the spectral decom-
position requires 4 kinematic components to obtain a
successful fit (Table 2). The broadest component has
Wmax=3546±174 km s
−1 and Vmax=-522±83 km s
−1 as
measured from the nuclear spectra extracted from PA1 -
65.5◦ and Wmax=3306±168 km s
−1 and Vmax=-947±138 km
s−1 for PA2 64.4◦. Based on Villar Mart´ın et al. (2014), such
extreme kinematics are suggestive of an outflow induced by
the radio structures. SDSS J0903+02 is radio-intermediate
according to our classification criteria (Sect. 2). It has been
proposed by Lal & Ho (2010) as a low radio power analogue
of Compact Steep Spectrum sources (CSS), being 2-3 orders
of magnitude less luminous.
As discussed in Paper I, the emission lines are spatially
extended along both PA1 -65.5 and PA2 +63.4 (Fig. 9, top
panels) compared with the seeing disk (FWHM=0.95±0.05
arcsec). We also reported very narrow lines (FWHM.180
km s−1) at ∼5 arcsec from the AGN. Extended gas domi-
nates the emission at this location.
It is not possible to perform a spatially extended analy-
sis of the individual kinematic components due to the com-
plexity of the line profiles and the low S/N of the individ-
ual spectra. We have extracted 1-dim spectra from several
apertures along both slit PA and at both sides of the con-
tinuum centroid (Fig. 9, panels B and C). The kinematic
measurements correspond to single Gaussian fits. Although
the kinematics are complex in some regions, the fits serve to
characterize the global kinematics. It is clear, for instance,
how the kinematics becomes more quiescent at increasing
distances from the spatial centroid, with the FWHM vary-
ing from ∼1200-1600 km s−1 at the center down to .200-400
km s−1 in the outer parts at &2.5 arcsec. Within 2 arc-
sec from the AGN along both PA the lines are broad with
FWHM∼880-1600 km s−1, also decreasing outwards.
Most importantly, the lines are also broad at locations
where the line emission is in clear excess relative to the see-
ing profile. For instance, FWHM∼741-934 km s−1 at ∼+1.6
and +2.5 arcsec along PA2. If there happened to be a com-
pact unresolved source at the center, it would contribute
only ∼15% of the total flux at these locations.
This is the only object in the 2009+2011 sample (18
sources) for which broad lines are identified at spatial lo-
cations where the line emission is clearly dominated by ex-
tended gas, which may be explained by large scale outflows2.
Even FWHM∼400 km s−1 measured at ∼3 arcsec is broad
2 Another other object in our sample with broad extended lines is
the double peaked emission line object SDSS J1247+01, but these
are a consequence of the blending of the two narrow components.
See Appendix A
compared with values one would expect at such large dis-
tances from the nucleus. The extended non outflowing ion-
ized gas in mergers show typical FWHM<250 km s−1, even
in the most dynamically disturbed systems with signs of
AGN activity (Bellochi et al. 2013, Arribas et al. 2014).
Thus, the spatially resolved broad lines of SDSS J0903+02
are suggestive of an extended outflow.
If the [OIII] kinematics is dominated by an outflow
across its whole spatial extensions, we infer a radial size of
Ro ∼10 kpc. SDSS J0903+02 is the only object in our sam-
ple for which the data are consistent with a galactic scale
outflow.
We do not discard an scenario where 2 or more emis-
sion line objects, plus an unresolved outflow, produce appar-
ently extended highly disturbed kinematics thus mimicking
an extended outflow (see for instance SDSS J1247+01 in
Appendix A). In fact, SDSS J0903+02 shows highly dis-
turbed optical morphology indicative of a merger (Paper I)
with star forming knots (maybe also a double nucleus) and
tidal features. Higher S/N spectra would be required to fit
the line profiles at different locations, isolate the emission
from the individual components and compare their spatial
distribution with the seeing disk.
For the spectroastrometric analysis we have used the
PA2 spectrum, since it provides the most useful constraints.
The results are shown in Fig. 10. We have considered that
only the broadest component contributes to the outflow. We
emphasize that the same result would be obtained if addi-
tional nuclear kinematic components also contributed. The
outflow is extended along PA2 and has Ro &0.24 arcsec or
1.1 kpc. This is the largest value of the lower limits on Ro
implied by the spectroastrometric analysis of our sample
(Table 4).
5.2.2 Global results
In this section we present the global results obtained after
analyzing the whole sample.
In 11 out of 18 objects it was possible to isolate the
spectra from extended regions far enough from the spatial
centroid to ensure that seeing contamination is negligible.
Except in one object, the lines at these locations are always
relatively narrow (Table 3, column 10). They are spectrally
unresolved in most cases with FWHM<270 km s−1 or show
FWHM∼200-250 km s−1 still consistent with a non-outflow
scenario (e.g. Bellocchi et al. 2013, Arribas et al. 2014).
The exception is the QSO2 SDSS J0903+02, for which
broad FWHM∼400-934 km s−1 are measured at extended
locations (see Sect. 5.2.1). As explained there, this is a good
candidate to harbor a large scale outflow (Ro ∼10 kpc),
although confirmation is needed to discard alternative ex-
planations.
Our results show that three things are essential to assess
whether the outflows are extended and constrain their sizes
when dealing with seeing limited observations:
1) To characterize as accurately as possible the seeing
spatial profile. In general, the emission line profiles are dom-
inated by a compact unresolved or barely resolved source.
Not only the seeing FWHM needs to be measured with the
corresponding uncertainties, but also the wings. It is well
known that the seeing does not fit a simple Gaussian profile
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Figure 9. Spatially extended analysis of [OIII]λ5007 for SDSS 0903+02 along PA1 -65.5 (left) and PA2 +63.4 (right). The spatially
extended kinematic line decomposition could not be applied in this object. FWHM and Vs measurements could only be obtained from
wide apertures. This is why large hollow symbols are used.
(e.g. Capaccioli & de Vaucouleurs1983), so the FWHM does
not characterize the wings emission. Underestimation of this
contribution can lead to the inference of spatially extended
outflows, since the extended line emission is often identified
as a faint excess above the seeing wings.
2) To isolate the outflow emission by means of the spec-
tral decomposition of the optical lines at different spatial
locations. It is found that the spatial distribution of the
outflows is in general consistent with the seeing disk, while
the total [OIII] flux profile is often clearly extended.
When this method is applied, the outflows appear
barely resolved in only 2 out of the 15 objects with clear
evidence for ionized outflows (SDSS J1307-02 and SDSS
J1407+02; maybe also SDSS J1153+03, although this ob-
ject is dubious). In these two QSO2, the outflows have radial
sizes Ro =
FWHMint
2
=1.3±0.4 and 1.0±0.2 kpc respectively
after correcting for seeing broadening.
For the rest of the sample, we estimate upper limits in
the range Ro .0.8-3.5 kpc. In most cases Ro <1-2 kpc (see
Table 4).
3) To study the outflow spatial distribution on scales
well below the seeing size. Based on the spectroastrometric
method we resolve the outflows in 11 objects. We constrain
lower limits Ro &0-0.5 kpc for all objects but 2, for which
this lower limit is close to 1 kpc. For comparison, based
on the spectroastrometry technique Carniani et al. (2015)
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Figure 10. Spectroastrometry analysis for SDSS J0903+02 along PA2 (top panels). Line, symbol and color codes as in Fig. 6.
have estimated radial sizes Ro ∼0.4-1.9 kpc for the ionized
outflows in 5 luminous quasars at z ∼2.4 with bolometric
luminosities Lbol >10
47 erg s−1.
In general, therefore, the ionized outflows in our sample
have few×100 pc . Ro . 2 kpc. These sizes are well below
those quoted in the literature in related studies of similar
objects, which suggest Ro &3-15 kpc (Liu et al. 2013a, Har-
rison et al. 2014, McElroy et al. 2015). We will discuss this
apparent discrepancy in depth in Sect. 6.2.
6 DISCUSSION
6.1 Nuclear ionized outflows
In VM11b we found ionized outflows in all objects in
the 2009 sample. We have investigated this issue in the
2011 sample, which is a mixture of 4 QSO2 and 5 HSy2
(see also Villar Mart´ın et al. 2012). Six out of nine ob-
jects show rather extreme kinematics due to nuclear ion-
ized outflows, with the presence of at least one promi-
nent broad component with FWHM>1000 km s−1. This
is in general blueshifted with respect to the assumed zsys.
The FWHM and Vs of the broadest components are in the
range Wmax ∼[1173±198,3546±174] and Vmax in the range
[-894±86, 262±53] (Table 3).
There are three objects for which there is no convinc-
ing evidence for nuclear ionized outflows: SDSS J1017+03,
SDSS J1416-01 and SDSS J1452+00. These happen to
have among the lowest L[OIII]. This is consistent with
Zakamska & Greene (2014) who found evidence for quasar
feedback to operate above a threshold in bolometric lumi-
nosity of Lbol ∼3×10
45 erg s−1. The L[OIII] for these four
objects imply Lbol .10
45 erg s−1 (Stern & Laor 2012) in all
cases below the threshold.
We indicate in Table 3 whether the objects show sig-
natures of mergers/interactions (see VM11a and Paper I).
There is no obvious trend between the presence of ionized
outflows and such signatures. As an example, rather extreme
outflows are found in SDSS J1336-00 (Wmax ∼2500 km s
−1,
Vmax ∼-900 km s
−1) and SDSS J0903+02 (Wmax ∼3500 km
s−1, Vmax ∼-500 km s
−1). The first object shows no traces of
merger signatures, while the second does. SDSS J1452+00
does not have a detected outflow, but presents morphologi-
cal evidence for interactions.
Given the apparent diversity of merger status, or even
the absence of merger/interaction signatures, among the
host galaxies, there does not seem to be a causal link be-
tween the triggering of ionized outflows and merger status.
In fact, this is not surprising. The ionized outflows are trig-
gered by mechanisms related to the nuclear activity (Villar
Mart´ın et al. 2011b, 2014, Zakamska & Greene 2014) rather
than stars. Thus, outflows are expected basically any time a
luminous AGN is active. Since this activity is not necessarily
linked with a clear interaction/merger phase (Bessiere et al.
2012, Villar Mart´ın et al. 2012, Ramos Almeida et al. 2011),
nuclear outflows are not necessarily linked with this either.
6.2 No evidence for large scale, wide angle
extended ionized outflows
Recent works have reported that wide angle quasi spherical
ionized outflows extended over large spatial scales are preva-
lent among QSO2 at z .0.7. The observed projected total
spatial extents are in the range Do &6 to &30 kpc. Assum-
ing Ro =
Do
2
, this corresponds to radial sizes R &3-15 kpc.
Some outflows are reported to engulf entire galaxies.
Our results are in apparent contradiction with these
studies, while they agree more with Karouzos et al. (2016)
who report outflow radial sizes 1.2-2.1 kpc in 5 QSO2 at
z <0.1. The ionized outflows in our sample have typical
Ro .1-2 kpc. The largest confirmed values are Ro ∼1 kpc.
The only exception (although confirmation is needed) might
be SDSS J0903+02, which might harbor a Ro ∼10 kpc out-
flow.
Previous studies were based on integral field spectro-
scopic data, while our analysis uses long-slit spectra along
one or at most two position angles. During the observations
several objects showed no peculiar features in the optical im-
ages and the slit had to be placed blindly. In general, these
objects show no evidence for extended ionized gas along the
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slit when compared with the seeing. We are obviously limited
by the lack of spatial coverage. However, if the outflows are
wide angle (even quasi-spherical), we should have detected
all or at least most of them.
We propose instead that the interpretation of ubiqui-
tous extended and wide angle outflows in QSO2 needs to be
reconsidered. Based on our study, it is probable that see-
ing smearing was not adequately accounted for. Our study
shows that, even when extended nebula are confirmed, most
of the reported ionized outflows are unresolved when com-
pared with the seeing. We propose that the reported sizes in
related works should also be considered firm upper limits.
The fact that the line emission extends well beyond the
seeing area enclosed within its FWHM is usually presented
in the literature as an argument in favor of the large spa-
tial extensions of the outflows. However, we have seen that
because of the huge surface brightness contrast, the cen-
tral emission is detected at large distances from its spatial
centroid. It can even dominate ∼several times beyond the
seeing FWHM (even up to ∼10 times for our data and sam-
ple). This is particularly critical for distant and/or very lu-
minous objects, for which the physical size of the spatial
resolution element is smaller and/or the emission from the
central source can be detected and traced at large distances
from the centroid due to its high brightness. We have also
seen that whenever we have been able to safely isolate ex-
tended gas emission, not contaminated by the central source,
it shows in general quiescent kinematics.
Both our method of long-slit spectroscopy and our sam-
ple selection differ from earlier studies. We therefore also
discuss other possible explanations for our discrepancy in
the extent of the outflows
One issue to take into account is the sample selection.
Liu et al. (2013b) studied the most luminous radio-quiet
quasars in the SDSS catalogue, with lO3 > 9.2 at z ∼0.45-
0.65. The authors claim sizes of up 15 kpc from the active
nucleus3. High luminosity QSO2 are associated with larger
(Hainline et al. 2014) and more luminous nebulae, which
may favour the detection of the extended outflows. If AGN
induced outflows are preferentially triggered above certain
threshold in luminosity (Lbol &3×10
45 erg s−1, Greene &
Zakamska 2014), it is more likely to detect them in more
luminous samples.
Interestingly, three out of the four candidates to har-
bor spatially resolved outflows in comparison with the see-
ing (SDSS J1307-02, SDSS J1407+02 and tentatively SDSS
J1153+03) have among the highest [OIII] luminosities with
lO3 > 9.0, but in all three cases the spatially-resolved out-
flows are relatively compact: Ro <2 kpc.
Harrison et al. (2014) studied more nearby sources
(z∼0.09-0.20) covering a wider range of luminosities
(lO3=8.3-9.6). They selected objects with a luminous broad
[O III]λ5007 emission-line component seen in their SDSS
spectrum, that contributes at least 30% of the total flux
and has FWHM>700 km s−1. Thus, their sample is focussed
on systems with highly perturbed nuclear kinematics, a se-
lection criterion that was not applied by us and may favor
3 Hainline et al. (2014) warn that these sizes are overestimated
by ∼0.1-0.2 dex, as compared with values inferred after account-
ing for seeing broadening.
the detection of extended outflows. The fact that these are
at significantly lower redshifts may also favor the detection,
because of their higher apparent brightness. The authors in-
fer Do &6-16 kpc (Ro &3-8 kpc) in all targets, all of which
would have been spatially resolved in our observations, if
detected (see also Harrison et al. 2012).
McElroy et al. (2015) studied nearby (z ∼0.06-0.11)
SDSS QSO2 with lO3=8.7-9.8 with no prior requirements
regarding nuclear kinematic properties. They prioritized ob-
jects with extinction correction A[OIII] < 4 to restrict the im-
pact of uncertainty in the extinction correction of the [OIII]
luminosities. They find that extended outflows are present
throughout the whole sample. They infer Ro >3 kpc in gen-
eral with maximum size ∼8 kpc.
The combination of an incomplete spatial coverage by
our long-slit data and a sample which is less biased towards
high luminosity and highly kinematically perturbed objects
might run against the effectiveness of detecting extended
outflows. However, this is not likely to be the explanation.
Not even the objects in our sample with high luminosities
and/or highly perturbed nuclear kinematics show such large
scale outflows.
All three studies mentioned above, showed that the
region containing the ionized outflows has in general a
round morphology. Such appearance already suggests that
the emission is dominated by the central, unresolved nu-
clear emission smeared by the seeing disk. Another poten-
tial source of concern is that the spatial profiles of the W80
parameter measured for most objects are remarkably flat
across the outflow regions (just like the FWHM profiles
shown for the broad components of most of our sources).
This is difficult to explain if they are truly spatially ex-
tended outflows, but is entirely consistent with what would
be expected from fits done at different locations across the
seeing disk for a spatially unresolved source.
Unfortunately, even for studies were a detailed compar-
ison with the radial seeing profile was done, the method
generally differs from our approach, which makes a direct
comparison difficult. For example, Liu et al. (2013a) used
observations of the standard star broadened to the width
of the seeing size for each object. We note, however, that
while this method is certainly adequate to reproduce the
core of the seeing profile, it may significantly underestimate
the contribution of the wings.
We also note that the round morphologies are actually
difficult to reconcile with the nature of theses systems, since
the outflowing gas is ionized by AGN related processes (e.g.
Villar Mart´ın et al. 2014). The continuum source is hidden
from the line of sight and thus the ionized gas (including
the outflow) must be preferentially distributed within two
opposite ionization cones whose opening angle is determined
by the obscuring torus. Circular morphologies could be ex-
pected in objects with type 1 orientation (the projection of
a cone with the axis close to the line of sight would result
in a circular morphology), but not type 2s. Interestingly,
those very few objects for which perturbed gas seems to be
clearly extended in comparison with the seeing show elon-
gated morphologies and are radio-loud or radio-intermediate
(Liu et al. 2013b). This is naturally explained if a large (>1
kpc) scale radio jet triggers the outflows (Tadhunter et al.
1994, Solo´rzano-In˜arrea et al. 2002, Humphrey et al. 2006).
Typical radial sizes of the NLR in QSO2 as measured
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from the [OIII] line increase with AGN luminosity from ∼3
kpc up to a limiting maximum size of ∼6-8 kpc (Hainline
et al. 2014). We have seen that the outflowing gas has typ-
ically few×100 pc . Ro .1-2 kpc (also constrained using
[OIII]), well below the total NLR size. These are in good
agreement with the reported sizes of typical molecular out-
flows in Seyfert galaxies and quasars (Cicone et al. 2014,
Alatalo et al. 2015; although see also Cicone et al. 2015 for
an exception). We find no evidence for the outflows to trans-
port mass and energy to large distances across the galaxy
interstellar medium (ISM).
6.3 Implications about the outflow impact on the
host
In the previous sections we have found that, though ionized
outflows exist in most of the luminous AGN of our sample,
they are in general extended over scales of Ro .1-2 kpc.
SDSS J0903+02 might be the only exception and it will be
discussed separately in Sect. 6.4.
We analyze the implications regarding:
a) the outflow density;
b) the outflow mass Mo, mass injection rate M˙o and
energy injection rate E˙o;
c) the potential impact on the galaxy host;
6.3.1 Mo, M˙o and E˙o
For the purpose of comparison with other studies , we will
calculate the outflow mass, mass injection rates and ener-
getics as:
Mo = 2.8×10
9 M⊙
(
LoHβ
1043 erg s−1
)(
n
100 cm−3
)−1
[eq.1]
M˙o =
Mo Vo
Ro
[eq.2]
E˙o =
1
2
M˙o V
2
o =
1
2
Mo
Ro
V
3
o [eq.3]
where LoHβ is the Hβ luminosity emitted by the outflow-
ing gas and Vo is the the outflow velocity (e.g. Nesvadba et
al. 2008, Liu et al. 2013b, Arribas et al. 2014).
It is clear that Ro, Vo and n play a critical role in the
determination of these quantities.
The outflow density: n
Values n ∼100 cm−3 are commonly used in the liter-
ature for the outflowing gas. We argue next that n &1000
cm−3 are likely to be more realistic.
The fact that Ro .1-2 kpc implies that the outflows
entrain the inner region of the NLR or at least the bulk
of the outflow emission is originated there. They possibly
expand from the accretion disk and propagate through the
inner NLR. In some cases, a weak radio jet might drive the
outflow.
Thus, the expected outflow densities are those char-
acteristic of the inner NLR (or higher, if compression is
produced by shocks). Average densities typically assumed
for the NLR in AGN are ∼several×100-104 cm−3. Indeed,
n ∼103-104 cm−3 for the outflowing gas are supported by
different studies (e.g. Holt et al. 2011, Villar Mart´ın et al.
2014, Villar Mart´ın et al. 2015).
Because such densities are usually inferred from op-
tical lines of low critical densities (most frequently the
[SII]λλ6717,6731 doublet), they most likely trace moderate
density gas, since they are not sensitive to high densities. In-
deed, both observational and theoretical arguments suggest
the presence of a density gradient in the NLR with n .100
cm−3 (low density limit) in the outer parts (e.g. Bennert et
al. 2006a, 2006b) and possibly n ∼107−8 cm−3 for the inner
gas (e.g. De Robertis & Osterbrock 1984, Baskin & Laor
2005, Stern & Laor 2014). According to different authors
(e.g. Stern & Laor 2014) for a broad distribution of den-
sities, the emission of a certain forbidden line is expected
to peak at gas with n similar to the critical density of the
line ncrit. If this is the case for the outflowing gas, given
that it emits, for instance, very strong [OIII]λλ4959,5007
n ∼ ncrit =8.5×10
5 cm−3 are expected.
The possibility that lower density ionized gas is involved
in the outflow is not discarded (Hopkins et al. 2012), but
its contribution to the outflow optical line fluxes would be
comparatively very faint. The outflowing gas we can measure
traces higher density gas.
The outflow velocity: Vo
The NLR clouds are known to span a range in velocities
revealed for instance by the different FWHM shown by the
optical emission lines (De Robertis & Osterbrock 1984). A
range of velocities is expected for the outflowing gas as well
(Liu et al. 2013b). Eq. 2 and 3 above require the approx-
imation of considering a single velocity for a given object.
Different approaches are taken in the literature, such as (a)
Vo =
1
2
Wmax + Vmax, (b) Vo = Vmax or (c) Vo =
1
3
W80.
This is especially critical for the estimated energies. Vo
differs in cases (a) and (b) by a factor of typically ∼3-5, an
uncertainty that affects M˙o. More importantly, this intro-
duces a factor of ∼27-125 uncertainty in E˙o.
We will consider the two extreme cases (a) and (b) to
obtain a range of possible mass outflow rates and kinetic
energies of the outflows.
The Hβ luminosity: LoHβ
Only a fraction of the total LHβ is emitted by the out-
flow. To estimate LoHβ we used
Lo
[OIII]
L[OIII]
(Table 2 and VM11b)
and a typical
(
[OIII]
Hβ
)o
=12.6 for the outflowing gas. This is
the median value (with standard deviation 4.0) measured
in QSO2 at z .0.7 (VM11b, Villar Mart´ın et al. 2014).
The mass uncertainty associated with the assumed ratio is
comparatively small (a factor .1.5) and we will ignore it.
Uncertainties in the identification of the nuclear kinematic
components contributing to the outflow are also expected to
be .2 and will also be ignored. We will assume in all cases
that the broadest kinematic component traces the outflow
emission.
We will ignore reddening also. Based on measurements
of the Balmer decrement of the outflowing gas (Villar Mart´ın
et al. 2014), this can result in underestimations of the out-
flow mass by a factor of .3. This uncertainty is negligible
compared with that derived from the density.
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6.3.2 Outflow mass Mo, mass injection rate M˙o and
energy injection rate E˙o
We show in Table 5 the values estimated forMo, M˙o and E˙o
for n =1000 cm−3. As discussed above, significantly higher
densities are not discarded. Thus, all the quoted values are
upper limits. As an example, a density 10 times higher would
decrease all calculated quantities by the same factor.
The outflow mass is quoted in column (5). Excluding
SDSS J0903+02, the range of masses spanned by our sample
is ∼(0.4-12)×106 M⊙ with a median value Mo =1.1×10
6
M⊙. These values are well below those estimated for the
large scale outflows identified in other studies : Mo ∼(0.2-
1)×109 M⊙ (Liu et al. 2013b); ∼(1.0-20)×10
9 M⊙ (McElroy
et al. 2015); ∼(2-40)×107 M⊙ (Harrison et al. 2014). The
discrepancy is a consequence of the n =100 cm−3 value used
in those studies and the assumption that all the observed
ionized gas is involved in the outflow.
As explained above, M˙o and E˙o are even more uncer-
tain. Not only the uncertainty in n is involved, but also in
Ro and Vo. We have calculated the minimum and maximum
values allowed by the range of Ro and Vo values constrained
from the observations. This means, Rastromo 6 Ro 6 R
seeing
o
(Table 4) and Vmax 6 Vo 6 Vmax +
FWHMmax
2
(see above).
For those objects for which Rastromo could not be constrained
(i.e. Rastromo >0) we adopt an illustrative 200 pc value.
With all this information, the maximum and minimum
M˙o and E˙o are thus calculated (Table 5, columns 6 and 7).
The first obvious conclusion is that even when n is fixed,
when all other uncertainties are considered, the quantities
characterizing the outflows are poorly constrained. For a
given object, the allowed M˙o and E˙o values differ by typ-
ically ∼several×10s and ∼several×100s respectively. Intro-
ducing the uncertainty in the density will make the situation
much worse, since these uncertainty factors will be multi-
plied by the same n factor.
The second conclusion is that the mass and energy out-
flow rates are in general modest or low compared with val-
ues estimated in related works. Even in the most optimistic
cases (i.e. the most favorable assumptions that produce the
highest values), the typical estimated mass outflow rates are
M˙o .10 M⊙ yr
−1. For comparison, other studies have found
M˙o ∼(0.2-2)×10
4 M⊙ yr
−1 (Liu et al. 2013b); ∼370-2700
M⊙ yr
−1 (McElroy et al. 2015) and ∼3-70 M⊙ yr
−1 (Har-
rison et al. 2014). The discrepancy would be even larger if
higher densities were considered.
The M˙o values can be compared with the star forming
rates SFR, although this must be considered cautiously since
the stars do not form out of ionized, but molecular gas.
While M˙o & SFR for the molecular gas suggests that star
forming quenching can occur, this is not necessarily the case
for the ionized gas. Zakamska et al. (2016) have estimated
upper limits of SFR in obscured quasars in the range ∼few
to ∼100 M⊙ yr
−1 with a median value of ∼18 M⊙ yr
−1.
All uncertainties considered, it is not possible to conclude
whether the mass outflow rate of ionized gas surpasses the
star formation rates although, as explained above, the mass
outflow rates are likely to be significantly lower.
For the energy injection rates, the maximum E˙o our
calculations allow are in general .1043 erg s−1. Values
∼(0.4-3)×1045, ∼(5-19)×1042 erg s−1 and ∼(0.3-30)×1042
were obtained by Liu et al. (2013b), McElroy et al. (2015)
and Harrison et al. (2014) respectively. The values are not
far from those obtained by Harrison et al. (2014) and
McElroy et al. (2015). The reasons are that the authors as-
sume a larger radius Ro and Vo =W80/1.3. This implies sig-
nificant lower velocities (e.g. Vo=510-1100 km s
−1 for Har-
rison et al. 2014), compared with our range of maximum
possible velocities ∼690-2600 km s−1.
The maximum kinetic energy of the outflows allowed by
the calculations is <1% of the bolometric luminosity of the
objects (Table 5, column 8). This percentage could be much
lower taking into account the uncertainties in the outflow
energy rates. Thus, low conversion rates of Lbol to kinetic
energy of the ionized gas are enough to explain the estimated
outflow energy rates. From the energetic point of view, the
outflows can thus be easily triggered by the active nuclei.
In conclusion, our results suggest that the sizes, masses,
mass and energy injection rates of the typcial ionized out-
flows are low to moderate compared with related studies.
No evidence is found supporting that the typical outflows
expand into and affect the large scale (>several kpc) in-
terstellar medium. The uncertainties in the M˙o and on the
SFR prevent a meaningful comparison, although M˙o >SFR
seems unlikely. The outflows might have a much more dra-
matic impact on other phases of the interestellar ISM, such
as the molecular phase (e.g. Cicone et al. 2014, Alatalo et
al. 2015).
In this context, it is interesting that at high redshifts
seeing limited observations (e.g. Alexander et al. 2010; Har-
rison et al. 2012) tend to report larger extensions for the
outflows than those that use AO systems to improve spatial
sampling (Forster-Schreiber et al. 2014). The samples so far
are relatively small and the intrinsic properties of the targets
may well explain these results. However, these results may
also suggest that the true sizes of seeing limited observations
might be affected by seeing smearing.
There is evidence that the radio jets/lobes can trigger
ionized outflows on scales of &10 kpc in high z powerful ra-
dio galaxies (Humphrey et al. 2006, Nesvadba et al. 2008).
Whether such extended outflows exist in the general popu-
lation of AGNs from low to high redshifts and in non-radio-
loud systems remains open. On this respect, it is interesting
to mention the nearby radio quiet QSO2 SDSS J1430+1339
at z =0.085 (Harrison et al. 2014). It shows clear evidence
for the impact of AGN induced feedback in the form of “bub-
bles” of radio emission that are extended ∼10-12 kpc at both
sides of the nucleus and correlate tightly with the morphol-
ogy of the [OIII] extended ionized gas. It is possible that
extended radio structures are necessary for AGN feedback
to work across large spatial scales. Alternatively, it might be
the mechanism whose imprints are easier to identify across
large distances.
6.4 SDSS J0903+02: a galaxy scale outflow
candidate
The radio intermediate QSO2 SDSS J0903+02 is the only
object in our sample for which the data are consistent with
a galactic scale outflow (Ro ∼10 kpc), although alternative
explanations cannot be discarded (see Sect. 5.2.1). It has
been proposed as a low radio power analogue of Compact
Steep Spectrum sources (CSS) (Lal & Ho 2010). Extreme
nuclear kinematics are often observed in CSS and it is likely
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Table 5. Outflows masses, mass outflow rates and kinetic energies. Column (2) gives the [OIII] luminosity emitted by the outflow
relative to the total line luminosity, estimated from the nuclear spectra. Vo in column (3) is the outflow velocity. The minimum and
maximum possible values are shown. The minimum and maximum Ro values are shown in column (5) (see Table 4). For those objects
for which Rastromo could not be constrained (i.e. R
astrom
o >0) we adopt an illustrative 0.2 kpc value. Mo in column (5) is the outflow
mass assuming n=1000 cm−3. Values for n=100 cm−1 are also quoted for SDSS J0923+02, the only candidate in our sample to harbor
a galaxy scale outflow. The mass rate and energy rate of the outflows are given in columns (6) and (7). The minimum and maximum
values allowed by the calculations are quoted taking into account uncertainties on Ro and Vo. (8) gives the bolometric luminosity Lbol
estimated from L[OIII] (Stern & Laor 2012).
n=1000 cm−3
Object
Lo
[OIII]
Ltot
[OIII]
Vo Ro Mo M˙o E˙o Lbol
min/max min/max min/max min/max
km s−1 kpc ×106 M⊙ M⊙ yr−1 ×1042 erg s−1 ×1042 erg s−1
(1) (2) (3) (4) (5) (6) (7) (8)
2009 sample
SDSS J0955+03 0.40 620/1870 0.20/3.5 1.1 0.2/10.3 0.02/11.2 2.1×103
SDSS J1153+03 0.10 330/1055 0.52/1.7 3.9 0.8/8.1 0.03/2.8 8.7×104
SDSS J1228+00 0.67 770/1920 0.20/2.1 11.6 4.4/114 0.8/130 2.8×104
SDSS J1307-02 0.32 190/690 1.3±0.4 2.8 0.3/1.5 0.004/0.2 1.1×104
SDSS J1337-01 0.70 290/930 0.19/1.7 3.2 0.6/16.0 0.01/4.3 4.4×103
SDSS J1407+02 0.13 70/905 1.0±0.2 1.1 0.4/1.0 0.001/0.3 1.1×104
SDSS J1413-01 0.19 145/740 0.21/1.5 2.5 0.2/8.8 0.002/1.5 1.9×104
SDSS J1546-00 0.42 270/660 0.20/1.4 0.5 0.1/1.8 0.002/0.3 7.6×102
2011 sample
SDSS J0903+02 n=1000 0.42 947/2600 1.1 2.2 1.9/5.3 0.5/11.4 5.4×103
SDSS J0903+02 n=100 0.42 947/2600 10.0 22 2.1/5.9 0.6/12.5 5.4×103
SDSS J0923+01 0.34 36/870 0.16/1.0 1.7 0.1/9.9 3×10−5/2.3 5.2×103
SDSS J0950+01 0.65 56/876 0.38/1.1 0.9 0.1/2.2 5×10−5/0.5 8.7×102
SDSS J1014+02 0.46 189/958 0.20/1.0 0.8 0.2/3.7 0.002/1.1 1.1×103
SDSS J1247+01 0.30 278/865 0.28/1.4 0.4 0.1/1.4 0.002/0.3 9.0×102
SDSS J1336-00 0.23 894/2137 0.19/1.0 0.9 0.8/9.8 0.2/13.9 3.3×103
SDSS J1430-00 0.24 520/1320 0.12/0.80 0.6 0.4/6.3 0.03/3.4 1.8×103
to be due to young radio jet induced outflows (Holt et al.
2011), whose effects can be seen in the extended gas as well
(Shih et al. 2013).
If an outflow is confirmed as responsible for the
highly extended apparently perturbed kinematics in SDSS
J0903+02, low densities n .100 cm−3 are more realistic in
the extended gas. We show in Table 5 the predicted outflow
parameters for the two extreme outflow radial sizes we have
inferred 1.1 and 10 kpc and densities n =1000 and 100 cm−3
respectively, following the same simple scenario where where
all the outflowing gas has similar density, In the low density
case, Mo=2.2×10
7 M⊙, ∼10 times higher than for the rest
of the sample. On the other hand, this cancels out with the
same factor 10 on the radial size, resulting on similar M˙o ∼6
M⊙ yr
−1 and E˙o ∼0.002 Lbol at most.
If this outflow extends for ∼10 kpc, it can clearly reach
regions very distant from the galactic nucleus, although the
mass, mass injection and energy injection rates are also low
compared with related studies.
7 SUMMARY AND CONCLUSIONS
We have analyzed the spatially extended kinematic proper-
ties of the ionized gas in a sample of 18 luminous type 2
AGN: 11 QSO2 and 7 high luminosity Seyfert 2 (HLSy2).
This sample includes those analysed in Villar-Mart´ın et al.
(2011a,b, 2012) and nine new objects with no previous kine-
matic studies. The main results and conclusions can be sum-
marized as follow:
(i) The nuclear spectra for the new sample of 9 objects
provide convincing evidence for nuclear ionized outflows in
6 of them. The remaining three objects, which are HLSy2,
have among the lowest [OIII] luminosities in our sample.
This is coherent with other works which suggest that quasar
feedback operates above the threshold in bolometric lumi-
nosity of Lbol ∼3×10
45 erg s−1. This study further reinforces
previous results which demonstrate that nuclear ionized out-
flows are ubiquitous in QSO2.
(ii) Ionized outflows are found in luminous type 2 AGN
with host galaxies showing a broad diversity of merger status
(or absence of merger/interaction signatures). There does
not seem to be a causal link between the triggering of ionized
outflows and merger status. Outflows are expected basically
any time a quasar is active and are not necessarily linked
with a clear interaction/merger phase.
(iii) In order to reliably asses whether the outflows are
spatially extended and constrain their sizes based on seeing
limited observations three things are essential: 1) to char-
acterize as accurately as possible the seeing size and shape,
especially the wings for each individual object/observation;
2) to isolate the outflow emission at different spatial loca-
tions to avoid contamination by other gaseous components
not related to the outflow and compare it with the seeing
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profile; 3) to study the outflow spatial distribution on scales
well below the seeing size.
(iv) When this is done, it is found that only for the
radio intermediate QSO2 SDSS J0903+02 the extended gas
kinematics is consistent with a giant outflow of radial size
Ro ∼10 kpc, although alternative scenarios cannot be dis-
carded.
(v) In most objects (12/15) the outflows are found to be
unresolved as compared with the seeing disk. This sets upper
limits on the radial sizes typically Ro .1-2 kpc. In only
2/15 objects (possibly 3/15) we find convincing evidence for
seeing-resolved outflows. Both have Ro ∼1 kpc. Based on
the spectroastrometric method, the outflows are found to
be extended in 11/15 objects. Lower limits on their radial
sizes are typically Ro ∼several×100 pc. Thus, our results
constrain the location of the outflows within the inner 1-2
kpc of the Narrow Line Region. Except maybe for SDSS
J0903+02, we find no evidence for the ionized outflows to
expand well outside the central, dense galactic nucleus and
out into the extragalactic medium.
This is inconsistent with related studies which claim
that large scale wide angle ionized outflows are ubiquitous
in QSO2. Such outflows are proposed to extend &several kpc
from the AGN and can sometimes engulf entire galaxies. We
argue that the apparently very extended turbulent kinemat-
ics identified in other studies are in general a consequence
of seeing smearing. A careful account of this effect would
probably result in spatially unresolved (or barely resolved)
outflows.
(vi) We argue that the expected outflow gas density is
n &1000 cm−3. In fact, a wide range of densities (up to
possibly n ∼107 cm−3), similar to those characteristic of
the inner Narrow Line Region, may be plausible. Lower n
are not discarded, but the contribution of this gas to the
outflow optical line emission is comparatively negligible.
(vii) The implications in our understanding of the feed-
back phenomenon are important since all parameters char-
acterizing the masses and energetics of the outflows become
highly uncertain. One conclusions seems unavoidable: the
outflow sizes, masses, mass injection and energy injection
rates are in general modest or low compared with related
studies. We obtain outflows masses Mo ∼(0.4-12)×10
6 M⊙
assuming n =1000 cm−3. These are ∼102-104 times lower
than values reported in the literature. Even under the most
favorable asumptions, we obtain M˙o .10 M⊙ yr
−1 in gen-
eral, 100-1000 times lower than claimed in other studies. The
discrepancy would be even larger if higher densities and/or
the less favorable assumptions on the possible velocities and
radial sizes were considered. Taking into account typical star
forming rates in these systems (∼few-100 M⊙ yr
−1), given
the large uncertainties involved, it is not possible to con-
clude whether M˙o &SFR. However, since M˙o are likely to
be significantly smaller, this seems unlikely.
In conclusion, we find no evidence supporting that the
ionized outflows have a significant impact on their host
galaxies, not by injecting energy and mass beyond the inner
∼1-2 kpc of the Narrow Line Region, well into the interstel-
lar medium, neither by triggering large mass outflow rates.
The outflows might have a much more dramatic impact on
other phases of the ISM, such as the molecular phase.
The loose constraints on n (probably &1000 cm−3), Vo
(uncertain by factors of ∼ a few) and Ro (typically .1-
2 kpc) imply that for a given object the outflow mass and
energy injection rates can be very uncertain by factors >102.
High spatial resolution and high S/N spectroscopic studies
from the ground with adaptive optics or from space will help
overcome these limitations. Facilities such as MUSE with
AO on VLT or NIRSpec on the JWST will allow to measure
the size, geometry, density and velocity distribution of the
ionized outflows with significantly improved accuracy.
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APPENDIX A: NOTES ON INDIVIDUAL
OBJECTS.
We present in this Appendix the detailed spatially extended
analysis of all objects, but those three discussed in the main
body of the paper.
A1 2009 sample
SDSS J0955+03
This radio-intermediate HLSy2 shows extreme nu-
clear kinematics, with three kinematic components having
FWHM 470±80, 1110±80 and 2500±200 km s−1 respec-
tively, with the broadest blueshifted by Vmax=-620±140 km
s−3 (VM11b).
The results of the spatially extended analysis are
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Figure A1. Spatially extended analysis of [OIII]λ5007 for SDSS J0955+03 (left) and SDSS J1337-01 (right). Colour and line style codes
as in Fig. 5.
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Figure A2. Spectroastrometry analysis for SDSS J0955+03. Line, symbol and color codes as in Fig. 6. Two scenarios are considered.
Case A (top panels): the broadest component traces the outflow. Case B (bottom panels): the intermediate and broad components
participate in the outflow (see the text).
shown in Fig. A1 (left panels). The [OIII] spatial dis-
tribution (panel A) is dominated by a central rather
compact source (FWHM=1.92±0.08 arcsec), but resolved
compared with the seeing FWHM=1.6±0.1 arcsec. Thus,
FWHMint=1.1±0.2 arcsec or 5.9±1.2 kpc. Very faint emis-
sion might be detected at ∼3σ level up to ∼7 arcsec or 39
kpc according to VM11a.
The spatial distribution of the three nuclear compo-
nents cannot be traced pixel by pixel due to the complexity
of the lines and the relatively low signal to noise of the spec-
tra. Instead, 1-dim spectra were extracted from apertures
several pixels wide (Fig. A1 left, panels C and D). It is
found that in the outer region (purple diamond, -3 arcsec
West), where the excess above the seeing disk is clearer, the
lines are rather narrow with FWHM.267 km s−1.
The complex, turbulent kinematics is concentrated in
the central region, well within the seeing FWHM. None of
the three kinematic components show obvious spatial vari-
ations within the seeing FWHM, in consistency with being
Figure A3. SDSS J1228+00. Neither [OII] (dashed green line)
or [OIII] (solid green line) are spatially resolved along the slit.
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unresolved. At ∼-1.6 arcsec West the line emission is clearly
extended, although the excess above the seeing disk is lower.
The lines are broad (FWHM∼740 km s−1). However, be-
cause a mult-Gaussian fit cannot be applied due to the low
S/N of the spectrum, it cannot be concluded that the central
nuclear outflow is spatially extended. Due to the uncertainty
in the true spatial distributions, we will adopt the conserva-
tive assumption FWHMint .7.1 kpc or Ro .3.5 kpc for the
bulk of the outflow emission.
The results based on the spectroastrometric analysis de-
pend on what components are considered as tracers of the
outflow which is uncertain for this object (Fig. 1). While it
seems clear that the broadest component is emitted by the
outflow, the contribution of the intermediate component is
doubtful. FWHM∼1000 km s−1 is broad, but not necessar-
ily inconsistent with gravitational motions. As en example,
according to the correlation between black hole mass and
stellar velocity dispersion (e.g. Tremaine et al. 2002) a bulge
containing a black hole of mass M(BH)∼3×109 M⊙ would
have a FWHMstars ∼1000 km s
−1.
If only the broadest component contributes to the out-
flow (Case A), this gas does not dominate the line emis-
sion at any velocity with measured spatial centroid available
(Figs. A2, top panels). In this case Ro cannot be constrained.
If both the broad and intermediate components are taken
into account (Case B in the figure), the outflow dominates
(>80%) the line flux at a broad range of velocities. A lower
limit on its radial size is set to Ro >0.06 arcsec or 330 pc.
Thus, the most conservative interpretation of the com-
plete analysis of this HLSy2 implies that the outflow has
0< Ro .3.5 kpc.
SDSS J1228+00
This radio-intermediate QSO2 has a rather extreme nu-
clear outflow with Wmax=2300±70 km s
−1 and redshifted
by Vmax=770±20 km s
−1 (VM11b). As explained for SDSS
J1153+03, a redshifted outflow component may be favored
at an intermediate type 1-type 2 orientation. Such sce-
nario was proposed by VM11a based on the optical nu-
clear emission line properties. Two additional components
of FWHM=550±20 and 730±40 km s−1 are also present.
Neither [OII] or [OIII] are spatially extended along the
slit (Fig. A3). The slightly broader profile of [OII] might be a
consequence of the seeing dependence with wavelength. The
seeing was rather poor (FWHM=1.75±0.09 arcsec) during
the observations. We estimate FWHMint .0.66 arcsec or
.4.3 kpc.
The complexity of the line profiles (see VM11b) and
the fact that sky residuals affect the [OIII] profile prevents
a pixel by pixel (or wide aperture) kinematic analysis. I.e.
methods (i) and (ii) cannot be applied.
The spectroastrometric analysis does not resolve the
outflow (Fig. A4). Those velocities for which the line flux is
dominated by the outflowing gas appear co-spatial with the
continuum centroid, while lower velocities, not dominated
by the outflow emission show a clear shift of ∼0.05 arcsec
on average. If this QSO2 has an intermediate viewing angle,
the continuum centroid is expected to be a reliable indicator
of the AGN location. Thus, while the ambient gas appears
spatially extended, the outflowing gas does not.
Based on the limited amount of information, there is no
evidence for an spatially extended nuclear ionized outflow in
this system along the slit. We conclude 0< Ro .2.1 kpc.
SDSS J1337-01
This radio-quiet QSO2 harbors a nuclear outflow with
Wmax=1280±60 km s
−1 bluesfhited by Vmax=-320±12
km s−1 relative to the second, narrower component of
FWHM=305±20 km s−1 (VM11b).
The [OIII] spatial profile is dominated by the central
unresolved source (seeing FWHM=1.6±0.1 arcsec). We can-
not confirm extended emission up to ∼3.5′′ from the central
source as reported in our previous analysis (VM11a). The
careful comparison with the seeing disk demonstrates that
the line flux at this location is still dominated by the wings
of the central, unresolved source (Fig. A1 right, panel A).
Both kinematic components isolated in the fits shows a
spatial distribution consistent with the seeing disk (Fig. A1
right, panel B) and show no clear kinematic substructure
(panels C and D). Thus, methods (i) and (ii) do not resolve
the outflow. We infer FWHMint .0.71 arcsec or 3.3 kpc.
The spectroastrometric analysis (Fig. A5, top panels)
shows that the spatial centroid of the line emission is ap-
proximately cospatial with the continuum centroid for most
velocities. A small spatial shift of ∼0.04 arcsec is hinted for
some blueshifted velocities dominated by the outflow. We
will thus assume Ro &0.04 arcsec or 188 pc.
SDSS J1413-01
Three kinematic components are isolated in the nu-
clear spectrum of this radio-quiet QSO2. Two of them have
FWHM=260±20 and 600±20 km s−1. The broadest, which
is associated with the outflow, has Wmax=1190±50 and
Vmax=-145±30 km s
−1 (VM11b).
The [OIII] spatial profile is dominated by the central
compact source (Fig. A6 left, panel A), which is actu-
ally narrower (FWHM∼1.3 arcsec) than the seeing disk
(FWHM=1.54±0.09′′) measured from stars in the broad
band image. No extended emission is detected (see also
VM11a).
The spatially extended analysis reveals that the 3 kine-
matics components isolated in the fits are mostly concen-
trated in the central part of the seeing disk and are consis-
tent with being spatially unresolved (Fig. A6 left, panel B).
We infer FWHMint .0.60 arcsec or 3.1 kpc.
Although there is some hint of kinematic substructure
for the outflowing gas within the seeing disk (panel C), the
error bars are large and the apparent shifts are within the
uncertainties. In fact, there is no sign of such sub-structure
when extracting larger apertures (large hollow symbols in
the figures).
Only the spectroastrometric analysis reveals extension
for the ionized outflow Fig. A5 (bottom). The spatial line
centroid is shifted relative to the continuum centroid at most
velocities. This shift is ∼0.05 arcsec or 259 pc for gas mov-
ing at the assumed systemic velocity (Vs= 0 km s
−1). As
discussed for SDSS J1307-02 the location of the AGN is
unclear, although the uncertainty was much larger in that
object (∼0.55 arscsec). If the AGN is at the continuum cen-
troid (Case A), we infer a lower limit Ro &0.09 arcsec or
466 pc. If it is located at the emission line centroid (Case
B), then Ro &0.04 arcsec or 207 pc.
In the most conservative case, 0.21. Ro .1.5 kpc.
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Figure A4. Spectroastrometry analysis for SDSS J1228+00. Line, symbol and color codes as in Fig. 6.
Figure A5. Spectroastrometry analysis for SDSS J1337-01 (top panels) and SDSS J1413-01 (bottom). Line, symbol and color codes as
in Fig. 6.
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Figure A6. Spatially extended analysis of [OIII]λ5007 for SDSS J1413-01 (left), SDSS J1546-00 (middle) and SDSS J1430-00 (right).
Symbol, line and color codes as in Fig. 5. Because the [OIII] spatial profile (green solid line) is narrower than the seeing (black solid line)
for SDSS J1413-01, the spatial profiles of the individual kinematic components are compared with both in panel B (left). The results
of the kinematic fits in the outer pixels for this QSO2 are shown with different symbols (purple diamods in panels C and D) because
due to the low S/N of the spectra multiple Gaussian fits were uncertain. The lines at these locations seem to be a mixture of the three
kinematic components identified in the central pixels.
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SDSS J1546-00
The nuclear ionized outflow of this radio-intermediate
HLSy2 has Wmax=780±30 km s
−1. It is blueshifted by
Vmax=-270±35 km s
−1 relative to the dominant component
which has FWHM=320±20 km s−1 (VM11b).
The [OIII] spatial profile is consistent with the seeing
disk (FWHM=0.90±0.05′′ ; Fig. A6 middle, panel A).There
is no evidence for the individual kinematic components
to be spatially resolved and they show no signs of kine-
matic spatial substructure (panels B, C and D). We infer
FWHMint .0.54 arcsec or .2.8 kpc.
Based on the spectroastrometric analysis we cannot
confirm whether the outflow is extended (Fig. A7, top pan-
els).
A2 2011 sample
SDSS J1430-00
The nuclear [OIII] lines of this radio-quiet QSO2 consist
of a narrow (FWHM=280±20 km s−1) and a broad compo-
nent (FWHMmax=1600±200 km s
−1). This is blueshifted by
Vmax=-520±60 km s
−1 and traces the ionized outflow (Villar
Mart´ın et al. 2012).
The [OIII] spatial profile is clearly resolved compared
with the seeing disk (FWHM=0.73±0.05 arcsec; Fig. A6
right, panel A). It has FWHMint=0.58±0.07 arcsec or
2.7±0.3 kpc. VM12 showed the existence of ionized gas over
a maximum total extension of 23 kpc (r∼13 kpc from the
quasar). The FWHM of the lines in the extended gas is typ-
ically FWHM.250 km s−1 and thus rather quiescent.
The pixel by pixel analysis of the individual kinematic
components shows that while the narrow component is re-
solved (Fig. A6 right, panel B), the broadest component can
only be isolated in the inner pixels and its spatial distribu-
tion is consistent with the seeing disk. It would be necessary
to trace its emission further out from the spatial centroid to
confirm whether there is an excess above the seeing wings.
There is no clear evidence for kinematic spatial substructure
(panels C and D). We infer FWHMint .0.35 arcsec or 1.6
kpc.
The spectroastrometric analysis (Fig. A7) shows that
the velocities for which the outflow emission dominates
present a small shift relative to the continuum centroid of
∼0.025 arcsec on average. They are also spatially shifted
relative to those velocities where the ambient gas clearly
dominates the emission. We infer Ro &0.025 arcsec or 115
pc.
SDSS J0923+01
The nuclear [OIII] lines of this radio-quiet QSO2
are best fitted with two kinematic components of
FWHM=708±34 and 1667±177 km s−1 respectively. The
broadest one, which traces the outflow, is shifted by Vmax ∼-
36±40 km s−1 (Table 2, Fig.2).
As reported in Paper I, the spatial profile of the emis-
sion lines along the slit is dominated by a spatially unre-
solved central component (seeing FWHM=0.66±0.06 arc-
sec; see also Fig. A8, left panels). In addition, a faint and
compact star forming object is detected in excess above the
seeing disk at 2 arcsec (10 kpc) north east of the AGN. It
shows very distinct kinematics to the nuclear region with
narrow lines (FWHM=212±32 km s−1) and Vs ∼-550 km
s−1.
The spatially extended kinematic analysis shows no ev-
idence for spatial extension of the broadest component (Fig.
A8, panel B left) neither convincing evidence for kinematic
spatial substructure within the seeing disk (panels B and
C). We estimate FWHMint .0.40 arcsec or 2.1 kpc.
Beyond the inner few pixels where the broad compo-
nent can be confidently isolated, broadening of the narrow
component is appreciated with FWHM∼1000 km s−1. This
is evidence that the broad component also contributes to
the line flux at these locations. The S/N is not enough for
a proper kinematic decomposition of the lines. The flux in
these regions is also dominated by the central, spatially un-
resolved source.
According to the spectroastrometric analysis, the out-
flow is spatially extended. We infer Ro &0.03 arcsec or 157
pc (Fig. A9).
SDSS J0950+01
This is a double peaked radio-intermediate HLSy2 (Ta-
ble 2, Fig.2), with two narrow components of similar flux.
They have FWHM=180±39 and 233±49 km s−1 shifted rel-
ative to each other by 852±16 km s−1. In addition, a broad
component (the ionized outflow) is isolated in the fit, with
intermediate velocity shift between both narrow components
and Wmax=1640±44 km s
−1.
The [OIII] profile is dominated by a compact core which
appears narrower than the seeing disk derived from stars in
the image (FWHM=1.00±0.05 arcsec; Fig.A8 right panels).
An excess of emission is detected &1.8 arcsec. In Paper I we
showed that [OII] is also clearly extended at both sides of
the continuum centroid, up to ∼2.3 arcsec from the AGN.
We reported narrow lines .235 km s−1 in the extended gas.
The kinematic decomposition of [OIII] in the central
pixels shows that the spatial distributions of the individual
components are consistent with the seeing disk. None of the
three components show clear evidence for kinematic spatial
substructure. We estimate FWHMint .0.41 arcsec or 2.2 kpc
for the outflow.
According to the spectroastrometric analysis, the ion-
ized outflow is extended. We estimate Ro &0.07 arcsec or
377 pc (Fig. A9).
SDSS J1014+02
Two spectra were obtained for this radio-intermediate
HLSy2 along PA1 -5.9 and PA2 +42.1 (Paper I). It is is
a double peaked system (Table 2, Fig. 2). The two narrow
components have FWHM∼388±21 and ∼254±32 km s−1 re-
spectively and and are shifted in velocity by ∼654±28 km
s−1 as measured from the PA1 spectrum. A broad compo-
nent (the ionized outflow) is moreover required by the fit.
The two spectra imply FWHMmax=1537±72 km s
−1 and
Vmax=139±34 km s
−1 for PA1 and Wmax=1580 ±115 for
Vmax=262±53 km s
−1 for PA2, which are in good agree-
ment.
As shown in Paper I, the [OIII] spatial profile is dom-
inated for both PA by the central unresolved source (Fig.
A10). In fact, the object seems narrower than the seeing
(FWHM=0.65±0.04 arcsec) along PA1. Only [OII] appears
slightly extended along PA2 according to Paper I. In addi-
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Figure A7. Spectroastrometry analysis for SDSS J1546-00 (top panels) and SDSS J1430-00 (bottom). Line, symbol and color codes as
in Fig. 6.
tion, the authors reported very low surface brightness [OII]
emission along PA2 up to ∼2.8 arcsec or 18 kpc from the
continuum centroid toward the South-West. The lines are
narrow at this location with FWHM.211 km s−1.
The pixel to pixel analysis (Fig. A10) shows that the
two narrow components are spatially unresolved along both
PA. They are shifted spatially along PA2 (panel B left).
This is not apparent along PA1 (panel B right). The broad-
est component (the outflow) is not sufficiently sampled, al-
though it is consistent with being spatially unresolved. It
shows no clear kinematic substructure along any of the two
slit PA. Thus, according to methods (i) and (ii) we find no
evidence for the ionized outflow to be extended. We estimate
FWHMint .0.31 arcsec or 2.0 kpc along both PA.
There is no clear evidence for the ionized outflow to
be extended along any of the two slit PA according to the
spectroastrometric analysis (Fig. A11).
SDSS J1017+03
This radio-intermediate HLSy2 shows no clear evidence
for a nuclear outflow. The [OIII] lines (Fig. 3) can be repro-
duced by single Gaussians of FWHM=398±15 km s−1, but
for a very faint excess of emission on the blue wing (Fig. 3).
A 2-Gaussian fit would result in two components of FWHM
365±16 and 550±128 km s−1, with this being blueshifted
by -348±64 km s−1 and contributing only ∼9% of the total
line flux.
As shown in Paper I, the [OIII] profile is dominated by
a central unresolved source (seeing FWHM=0.75±0.05 arc-
sec). Low surface brightness extended gas up to ∼3.5 arcsec
or 20 kpc from the AGN was also reported. The lines emitted
by this gas are very narrow with FWHM.140 km s−1.
SDSS J1247+02
This is a double peaked HLSy2 (Table 2, Fig. 4). It is
the only radio-loud object in our sample. The nuclear spec-
trum shows two narrow components, with FWHM=422±50
and .170 km s−1 respectively and shifted by 503±30 km
s−1. The most redshifted has ∼3.5 times more flux. A
broad component (the ionized outflow) is also present,
c© 2013 RAS, MNRAS 000, 1–??
30 Villar Mart´ın et al.
Figure A8. Spatially extended analysis of [OIII]λ5007 for SDSS J0923+01 (left) and SDSS J0950+01 (right). Because the [OIII] spatial
profile (green solid line) is narrower than the seeing (black solid line) for SDSS J0950+01, the spatial profiles of the individual kinematic
components are compared with both in panel B (right). Line, symbol and color codes as in Fig. 5. The spatial scale of the B, C and D
panels is zoomed relative to panel A for clarity.
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Figure A9. Spectroastrometry analysis for SDSS J0923+01 (top) and SDSS J0950+01 (bottom). Line, symbol and color codes as in
Fig. 6.
with Wmax=1173±198 km s
−1 and blueshifted by Vmax=-
278±173 km s−1 relative to the dominant narrow peak.
[OIII] is spatially extended. It shows a clear excess at
both sides of the spatial centroid above the seeing disk
(FWHM=1.25±0.05 arcsec); see Paper I and Fig. A12, left
panel A). As reported in Paper I, very low surface bright-
ness [OII] extended emission is detected up to ∼3′′ NE of
the AGN. It emits very narrows lines with FWHM.154 km
s−1.
The complexity of the lines and the low S/N of the in-
dividual spectra prevent a detailed spatially extended anal-
ysis. The results of fitting [OIII] pixel by pixel with a single
gaussian are shown with green solid diamonds (Fig.A12, left
panels B and C). The lines are rather broad (FWHM∼800-
900 km s−1) at all pixels, up to ∼1.0-1.5′′ from the spatial
centroid, at locations where the line emission seems well in
excess above the seeing disk. However, given the prominent
profiles of the two nuclear narrow components and the large
velocity shift between them (Fig. 4), these broad widths are
most likely due to the blend of both components. This is con-
firmed by creating an artificial spectrum consisting of two
Gaussians of equal kinematic properties and relative ampli-
tudes as those in the nuclear spectrum of SDSS J1247+02.
A single Gaussian fit produces FWHM∼850 km s−1. We
thus estimate FWHMint .0.51 arcsec or .2.8 kpc for the
outflowing gas.
The spectroastrometric analysis appears to resolve the
outflow at the highest, most blueshifted velocities, although
the error bars are large and the data points scarce (Fig. A13
top). We infer Ro &=0.05 arcsec or 280 pc.
SDSS J1336-00
The nuclear kinematics in this radio-quiet QSO2 is
rather extreme (Table 2, Fig.4). Three kinematic com-
ponents are isolated with FWHM=479±14, 984±29 and
2485±173 km s−1 respectively. The broadest component is
blueshifted by Vs=-894±86 km s
−1 relative to the narrow
core of the [OIII] line.
The [OIII] spatial profile is unresolved. In fact, it is
narrower than the seeing size (FWHM=0.64±0.05 arcsec;
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Figure A10. Spatially extended analysis of [OIII]λ5007 for SDSS J1014+02 along PA1 -5.9 (left) and PA2 +42.1 (right). Because
the [OIII] spatial profile (green solid line) is significantly narrower than the seeing (black solid line) along PA1, the spatial profiles of
the individual kinematic components are compared with both in panel B (left). Along PA2, the spatial centroids of the two narrow
components (red circles and blue squares) are spatially shifted. This is highlighted by using solid blue and red lines. Line, symbol and
color codes as in Fig. 5. The spatial scale of the B, C and D panels is zoomed relative to panel A for clarity.
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Figure A11. Spectroastrometry analysis for SDSS J1014+02 along PA1 -5.9 (top) and PA2 +42.1 (bottom). Line, symbol and color
codes as in Fig. 6.
Fig.A12 right, panel A). The pixel by pixel kinematic analy-
sis shows that the spatial distribution of the three kinematic
components is consistent with all being unresolved (panel
B). No clear evidence for kinematic substructure within the
seeing disk is appreciated (panels C and D). We estimate
FWHMint .0.37 arcsec or 2.0 kpc.
The spectroastrometric results shown in Fig. A13 (bot-
tom) are based on the assumption that only the broadest
component contributes to the outflow. Whether the inter-
mediate component also contributes is not discarded, but
this uncertainty does not affect the inferred value of Ro. We
estimate a lower limit R &0.035 arcsec or 191 pc.
SDSS J1416-02
This radio-quiet HLSy2 shows no clear evidence for an
ionized outflow. The shape of the [OIII] profiles (Fig. 4) are
dominated by a narrow spectrally unresolved core. A second
Gaussian, contributing ∼54% of the total line flux, produces
a better fit. It has FWHM=370±37 km s−1. The narrow
unresolved core traces the extended gas, which seems to be
rotating. The broadest component is possibly the emission
from the central classical NLR.
Although the lines are clearly extended (Paper I) up
to ∼3.25′′ or 14.8 kpc from the AGN, the lines are very
narrow everywhere. At some spatially extended locations,
they lines are actually narrower (FWHM∼5.5-6.0 A˚) than
the instrumental profile derived from the arc and sky lines
(FWHM=7.2±0.2 A˚), indicating that the gas did not fill the
slit. We estimate the FWHM.200 km s−1 in the extended
regions.
SDSS J1452+00
This radio-quiet HLSy2 shows no clear evidence for an
outflow. The lines show a small deviation from Gaussian-
ity (Fig. 4) with a faint excess on the blue side. In this
case, the bulk of the lines is dominated by a broad com-
ponent of FWHM=835±21 km s−1 and the small excess
can be reproduced by a narrow (FWHM.225 km s−1) extra
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Figure A12. Spatially extended analysis of [OIII]λ5007 for SDSS J1247+01 (left) and SDSS J1336-00 (right). The spatially extended
kinematic line decomposition could not be applied in SDSS J1247+01. The Vs and FWHM values are derived from fitting single Gaussians.
The [OIII] spatial profile for SDSS J1336-00 (top right panel) is narrower than the seeing disk. The spatial profiles of the individual
kinematic components are compared with both in panel B (left). Line, symbol and color codes as in Fig. 5. The spatial scale of the B,
C and D panels is zoomed relative to panel A for clarity.
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Figure A13. Spectroastrometry analysis for SDSS J1247+01 (top) and SDSS J1336-00 (bottom). Line, symbol and color codes as in
Fig. 6.
component blueshifted by -250±31 km s−1 and contributing
∼15% of the total line flux. The narrowness of this compo-
nent suggests an origin other than an outflow (e.g. Villar
Mart´ın et al. 2014). The core of the line is broad, but still
consistent with gravitational motions (although additional
broadening mechanisms cannot be discarded). Using the re-
lation between σ[OIII] and σ∗ inferred for AGN by Greene
& Ho (2005) and taking into account its large scatter, we
infer σ∗ =290±178 km s
−1, which is consistent with values
measured for QSO2 hosts at similar z (Bian et al. 2006).
The [OIII] spatial profile is dominated by a compact
core consistent with the seeing size (FWHM=0.60±0.04 arc-
sec; Paper I). We also reported extended gas up to ∼3.5′′ or
16 kpc, possibly associated with a tidal feature. Its kine-
matic properties could not be constrained.
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